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Description 

TECHNICAL FIELD 

5 [0001 ] This invention relates to N-substituted aniline derivatives, more particularly to compounds represented by the 
general formula (I) that have a nitric oxide synthase (NOS) inhibiting action to suppress the production of nitric oxide 
(NO) and thereby prove effective against disorders and diseases in which excessive NO or NO metabolites are suppos- 
edly involved, namely, cerebrovascular diseases [cerebral hemorrhage, subarachnoid hemorrhage, cerebral infarction 
(atherothromobotic infarction, lacunar infarction and cardiogenic embolism), transient ischemic attack and cerebral 

10 edema], traumatic brain injury, spinal injury, pains [headache (migraine, tension headache, cluster headache and 
chronic paroxysmal headache)], Parkinson's disease, Alzheimer's disease, seizure, morphine tolerance or depend- 
ence, septic shock, chronic rheumatoid arthritis, osteoarthritis, viral or nonviral infections and diabetes mellttus. The 
invention also relates to possible tautomers, stereoisomers and optically active forms of said compounds, as well as 
pharmaceuticalty acceptable salts thereof. The invention further relates to preventives and therapeutics that contain 

is said compounds, derivatives or pharmaceutically acceptable salts as active ingredients. 

BACKGROUND ART 

[0002] The number of deaths from cerebrovascular diseases in Japan had increased until 1970 when it began to 
20 decline mostly due to the improvement in their acute-phase therapy. Nevertheless, cerebrovascular diseases remain 
the second leading cause of death among adult diseases, next only to cancers. As fa the incidence of cerebrovascular 
diseases, many statistical surveys indicate that it is generally constant and in view of the fact that the number of elderly 
persons will increase at an uncomparably faster speed in Japan than any other country in the world, the number of 
patients suffering from cerebrovascular diseases is estimated to increase rather than decrease in the future. The declin- 
es ing mortality and the growing population of aged people combine to increase the cases of cerebrovascular diseases in 
the chronic phase and this has presented with a national problem not only from the aspects of individual patients and 
society at large but also from the viewpoint of medical economics since patients with chronic cerebrovascular disease 
are inevitably involved in long-term care. In cerebral infarction that accounts for most cases of cerebrovascular dis- 
eases, cerebral arteries are occluded and blood deficit starting at the blocked site extends to the peripheral site, caus- 
30 ing an ischemic state. The symptoms of cerebral infarction in the chronic phase are in almost all cases derived from the 
loss of neurons and it would be extremely difficult to develop medications or established therapeutic methods for achiev- 
ing complete recovery from those symptoms. Therefore, it is no exaggeration that the improvement in the performance 
of treatments for cerebral infarction depends on how patients in an acute phase can be treated with a specific view to 
protecting neurons and how far their symptoms can be ameliorated in the acute phase. However, most of the medica- 
ls tions currently in clinical use are antiplatelet drugs, anticoagulants and thrombolytics and none of these have a direct 
nerve protecting action (see Kazuo MINEMATSU et al., "MEDICINA", published by Igaku Shoin, 32. 1995 and Hidehiro 
MIZUSAWA et al., published by Nankodo, "Naika" 79, 1997). Therefore, it is desired to develop a drug that provides an 
effective therapy for cerebrovascular diseases, in particular cerebral infarction, by working in an entirely novel and dif- 
ferent mechanism of action from the conventional medications. 
40 [0003] A presently dominant theory based on genetic DNA analyses holds that NOS exists in at least three isoforms, 
namely, calcium-dependent nNOS (type 1) which is present constitutively in neurons, calcium-dependent eNOS (type 
3) which is present constitutively in vascular endothelial cells, and apparently calcium-independent iNOS (type 2) which 
is induced and synthesized by stimulation with cytokines and/or lipopolysaccharides (LPS) in macrophages and many 
other ceils (Nathan et al., FASEB J. 16, 3051-3064, 1992; Nagafuji etal., Mol. Chem. Neuropathol. 26. 107-157. 1995). 
45 [0004] A mechanism that has been proposed as being most probable for explaining the brain tissue damage which 
accompanies cerebral ischemia is a pathway comprising the sequence of elevation in the extracellular glutamic acid 
level, hyperactivation of glutamic acid receptors on the post-synapses, elevation in the intracellular calcium level and 
activation of calcium-dependent enzymes (Siesj6, J. Cereb. Blood Flow Metab. 1, 155-185, 1981 ; SiesjG, J. Neurosurg. 
60. 883-908. 1984; Choi, Trends Neurosci. 11, 465-469, 1988; SiesjO and Bengstsson. J. Cereb. Blood Row Metab. 9, 
so 127-140, 1989). As already mentioned, nNOS is calcium-dependent, so the inhibition of hyperactivation of this type of 
NOS isoforms would contribute to the neuroprotective effects of NOS inhibitors (Dawson et al., Annals Neurol. 32, 297- 
311. 1992). 

[0005] As a matter of fact, the mRNA level of nNOS and the number of nNOS containing neurons start to increase 
early after focal cerebral ischemia in rats and their temporal alterations coincide with the development of infarction 
55 (Zhang et al., Brain Res. 654, 85-95, 1994). In addition, in a mouse model of focal cerebral ischemia, the percent inhi- 
bition of nNOS activity and the percent reduction of infarct volume correlate to each other at least in a dose range of 
N Q -nitro-L-arginine (L-NA) that produces a recognizable infarct volume reductive action (Carreau et al., Eur. J. Pharma- 
col. 256, 241-249, 1994). Further in addition, it has been reported that in nNOS knockout mice, the infarct volume 
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observed after focal cerebral ischemia is significantly smaller than that in the control (Huang et al., Science 265, 1883- 
1085, 1994). 

[0006] Referring now to NO, it is at least one of the essences of endothelium-derived relaxing factor (EDRF) and, 
hence, is believed to take part in the adjustment of the tension of blood vessels and the blood flow (Moncade et al., 

s Pharmacol. Rev. 43, 109-142, 1991). As a matter of fact, it was reported that when rats were administered high doses 
of L-NA, the cerebral blood flow was found to decrease in a dose-dependent manner as the blood pressure increased 
(Toru MATSUI et al., Jikken Igaku, 11, 55-60, 1993). The brain has a mechanism by which the cerebral blood flow is 
maintained at a constant level notwithstanding the variations of blood pressure over a specified range (which is com- 
monly referred to as "autoregulation mechanism") ("NOSOTCHU JIKKEN HANDBOOK", complied by Keiji SANO, pub- 

10 lished by IPC, 247-249, 1990). The report of Matsui et al. suggests the failure of this "autoregulation mechanism" to 
operate. Therefore, if eNOS is particularly inhibited beyond a certain limit in an episode of brain ischemia, the cerebral 
blood flow will decrease and the blood pressure will increase, thereby aggravating the dynamics of microcirculation, 
possibly leading to an expansion of the ischemic lesion, ft was also reported that in eNOS knockout mice, the infarct 
observed after focal cerebral ischemia was larger than that in the cofrtrol but could be reduced significantly by adminis- 

is tration of L-NA (Huang et al.. J. Cereb. Blood Flow Metab. 16, 981-987, 1996). These reports showthat eNOS-derived 
NO probably works protectively on the brain tissue through the intermediary of a vasodilating action, a platelet aggre- 
gation suppressing action and so forth. 

[0007] The present inventors previously found that L-NA, already known to be a NOS inhibitor, possessed ameliora- 
tive effects on the brain edema and cerebral infarction following phenomena that developed after experimental cerebral 

20 ischemia (Nagafuji et al., Neurosci. Lett 147, 159-162, 1992; Japanese Patent Public Disclosure No. 192080/1994), as 
well as necrotic neuronal cell death (Nagafuji et at., Eur. J. Pharmacol. Env. Tox. 248, 325-328, 1993). On the other 
hand, relatively high doses of NOS inhibitors have been reported to be entirely ineffective against ischemic brain dam- 
age and sometimes aggravating it (Wadecola et al., J. Cereb. Blood Row Metab. 14, 175-192, 1994; Toshiaki 
NAGAFUJI and Toru MATSUI, Jikken Igaku, 13, 127-135, 1995; Nagafuji et al., Mol. Chem. Neuropathol. 26, 107-157, 

25 1 995). It should, however, be stressed that as a matter of fact, all papers that reported the changes of NO or NO-related 
metabolites in the brain and blood in permanent or temporarycerebral ischemic models agreed in their results to show 
the increase in the levels of those substances (Toshiaki NAGAFUJI and Toru MATSUI, Jikken Igaku, 13, 127-135, 1995; 
Nagafuji et al., Mol. Chem. Neuropathol. 26, 107-157, 1995). 

[0008] One of the reasons for explaining the fact that conflicting reports have been made about the effectiveness of 

30 NOS inhibitors in cerebral ischemic models would be the low selectivity of the employed NOS inhibitors for nNOS. As a 
matter of fact, no existing NOS inhibitors including L-NA and r^-nitro-L-arginine methyl ester (L-NAME) have a highly 
selective inhibitory effect on a specific NOS isoform (Nagafuji et al. Neuroreport 6, 1 541 -1 545, 1 995; Nagafuji et al. Mol. 
Chem. Neuropathol. 26, 107-157, 1995). Therefore, it may well be concluded that desirable therapeutics of ischemic 
cerebrovascular diseases should have a selective inhibitory effect on nNOS (Nowicki et al., Eur. J. Pharmacol. 204, 

35 339-340, 1991; Dawson et al., Proc. Natl. Acad. Sci. USA 88, 6368-6371, 1991; ladecola et al., J. Cereb. Blood Flow 
Metab. 15, 52-59, 1995; ladecola et al., J. Cereb. Blood Row Metab. 15, 378-384, 1995; Toshiaki NAGAFUJI and Toru 
MATSUI, Jikken Igaku 13, 127-135. 1995; Nagafuji etal.. Mol. Chem. Neuropathol. 26. 107-157, 1995). 
[0009] It has also been suggested that nNOS inhibitors have the potential for use as therapeutics of traumatic brain 
injuries (Oury et al., J. Biol. Chem. 268. 15394-15398. 1993; MacKenzie et al., Neuroreport 6. 1789-1794, 1995; 

40 Mesenge et al., J. Neurotrauma. 13. 11-16, 1996; Wallis et al., Brain Res., 710, 169-177, 1996), headache and other 
pains (Moore etal., Br. J. Pharmacol. 102, 198-202. 1991 ; Olesen., Trends Pharmacol. 15. 149-153, 1994), Parkinson's 
disease (Youdim et al., Advances Neurol. 60, 259-266, 1993; Schulz et al., J. Neurochem. 64, 936-939, 1995; Hantraye 
et al.. Nature Medicine 2, 1017-1021, 1996), Alzheimer's disease (Hu and EI-FaKahany, Neuroreport 4, 760-762, 1993 
Meda et al., Nature 374, 647-650, 1995), seizure (Rigaud-Monnet et al.. J. Cereb. Blood Row Metab. 14, 581-590, 

45 1994), and morphine tolerance and dependence (Kolesnikov et al.. Eur. J. Pharmacol. 221 , 399-400, 1992; Cappendijk 
et al., Neurosci. Lett. 162, 97-100, 1993). 

[0010] Upon stimulation by certain kinds of cytokines and/or LPS. iNOS is induced in immunocytes such as macro- 
phages and glial cells and other cells, and the resulting large amount of NO will dilate blood vessels to cause a fatal 
drop in blood pressure. Therefore, it is speculated that an iNOS inhibitor may be effective against septic shocks (Kil- 

so bourn and Griffith, J. Natl. Cancer Inst. 84, 827-831, 1992; Cobb etal., Crit. Care Med. 21, 1261-1263, 1993; Lorente 
et al., Crit. Care Med. 21, 1287-1295, 1993). Further, it has been suggested that iNOS inhibitors are useful as thera- 
peutics of chronic rheumatoid arthritis and osteoarthritis (Farrell et al.. Ann, Rheum. Dis. 51 , 1219-1222, 1992; Hausel- 
mann et al.. FEBS Lett 352, 361-364, 1994; Islante et al., Br. J. Pharmacol. 110, 701-706, 1993), viral or nonviral 
infections (Zembvitz and Vane, Proc. Natl. Acad. Sci. USA 89, 2051-2055, 1992; Koprowski etal., Proc. Natl. Acad. Sci. 

55 USA 90, 3024-3027, 1993) and diabetes mellitus (Kolb et al., Life Sci. PL213-PL217, 1991). 

[0011] The NOS inhibitors so far reported to have a certain degree of selectivity for nNOS are N Q -cyclopropyl-L- 
arginine (L-CPA)(Lamberte et al., Eur. J. Pharmacol. 216, 131-134, 1992), L-NA (Furfine et al., Biochem. 32, 8512- 
8517, 1993), S-methyl-L-thiocitrulline (L-MIN) (Narayanan and Griffith, J. Med. Chem. 37, 885-887, 1994; Furfine etal.. 
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J. Biol. Chem. 37, 885-887, 1994; Furfine et al. J. Biol. Chem. 269, 26677-26683, 1994; WO95/09619; Narayanan et 
al, J. Biol. Chem. 270, 11103-11110, 1995; Nagafuji etal., Neuroreport 6, 1541-1545, 1995), S-ethyl-L-thiocitrulline (L- 
EIN) (Furfine et al., J. Biol. Chem. 269, 26677-26683, 1994; WO95/09619; Narayanan et al.,J. Biol. Chem. 270, 1 1 103- 
11110, 1995), and ARL 17477 (Gentile et al., WO95/05363; Zhang et al., J. Cereb. Blood Row Metab.. 16, 599-604, 
5 1996). 

[0012] In addition, the inhibitors that have been reported to have a certain degree of selectivity for iNOS are N Q -imi- 
noethyl-L-ornithine (L-NIO) (McCall et al., Br. J. Pharmacol. 102, 234-238, 1991) and aminoguanidine (AG) (Griffith et 
al., Br. J. Pharmacol. 110, 963-968, 1993; Hasan et al. Eur. J. Pharmacol. 249, 101-106. 1993). 

10 DISCLOSURE OF INVENTION 

[0013] An object of the present invention is to provide novel compounds that have an inhibitory effect on calcium- 
dependent nNOS which is present constrtutively in the brain, particularly in neurons or an inducible and apparently cal- 
cium-independent iNOS and which are useful as therapeutics of cerebrovascular diseases [cerebral hemorrhage, sub- 
is arachnoid hemorrhage, cerebral infarction (atherothrombotic infarction, lacunar infarction and cardiogenic embolism), 
transient ischemic attack and cerebral edema], traumatic brain injury, spinal injury, pains [headache (migraine, tension 
headache, cluster headache and chronic paroxysmal headache)], Parkinson's disease, Alzheimer's disease, seizure, 
morphine tolerance or dependence, septic shock, chronic rheumatoid arthritis, osteoarthritis, viral or nonviral infections 
and diabetes mellrtus. 

20 [001 4] As a result of the intensive studies made in order to attain the stated object, the present inventors found that 
aromatic amine derivatives represented by the general formula (I), or possible tautomers, stereoisomers and optically 
active forms of said compounds, as well as pharmaceutically acceptable salts thereof have an inhibitory action on type 
1 NOS and so forth, thereby exhibiting marked effectiveness as therapeutics of cerebrovascular diseases (especially 
as therapeutics of occlusive cerebrovascular diseases): 



25 



30 



R R X ' X2 



(1) 



35 (where and R 2 which may be the same or different are each a hydrogen atom, an optionally substituted lower alkyl 
group, an acyl group or a lower alkoxycarbonyl group, or and R 2 may combine together to form a 3- to 8-membered 
ring; 

R 3 and R 4 which may be the same or different are each a hydrogen atom, an optionally substituted lower alkyl 
40 group, or R 3 and R4 may combine together to form a monocyclic or fused ring having 3-10 carbon atoms; 
R 5 is a hydrogen atom, a lower alkyl group, an acyl group or a lower alkoxycarbonyl group; 
X 1f X 2 , X 3 , and X* which may be the same or different are each a hydrogen atom, a halogen atom, a nitro group, 
a cyano group, a hydroxyi group, an optionally substituted lower alkyl group, a lower alkenyl group, a lower alkynyl 
group, an optionally substituted lower alkoxy group, an optionally substituted lower alkylthio group, a phenyl group 
45 optionally substituted by a halogen atom and/or a lower alkyl group, NX^ or C(=0)X 7 ; 

where X 5 and Xe which may be the same or different are each a hydrogen atom, an optionally substituted lower 
alkyl group, an acyl group, an optionally substituted lower alkoxycarbonyl group, or X 5 and X$ may combine 
together to form a 3- to 8-membered ring; 

X 7 is a hydrogen atom, a hydroxyi group, an optionally substituted lower alkyl group, an optionally substituted lower 
so alkoxy group, or NXgXg*, 

where X 8 and Xg which may be the same or different are each a hydrogen atom, an optionally substituted lower 
alkyl group, or Xa and X9 may combine together to form a 3- to 8-membered ring; 

A is an optionally substituted benzene ring or a 5- or 6-membered aromatic hetero ring which is optionally substi- 
tuted and which contains at least one nitrogen atom as a hetero atom; 
55 n and m are each an integer of 0 or 1 ). 

[001 5] The present invention has been accomplished on the basis of this finding. 

[0016] The present invention also provides a process for producing a compound of the general formula (1) which is 
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represented by the reaction pathway (A): 
Reaction pathway (A) 
5 [0017] 



10 



15 
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X| Xj X| X2 



(2) 5 (1) 5 



namely, a process in which a substituted aniline represented by the general formula (2) (where R 1( R 2 , R 3 , R 4 , , X 2 , 
X 3 , X 4 , n and m have the same meanings as defined above; R5 is a hydrogen atom or an optionally substituted lower 
alky! group) is reacted with a compound represented by the general formula (3) (where A has the same meaning as 
20 defined above; Us a leaving group) to produce a compound represented by the general formula (1). 

[0018] Trie present invention further provides a process for producing a compound of the general formula (1 ) which 
is represented by the reaction pathway (B): 



Reaction pathway (B) 
[0019] 



X, X 2 n Xj X 2 



VcH^CH^l . A.NH 

(9) 00) (1) 



namely, a process in which a substituted benzene represented by the general formula (9) (where , R 2 , R3, R4. X1 . 
X 2 , X 3 , X4, L, n and m have the same meanings as defined above) is reacted with a compound represented by the gen- 
40 eral formula (10) (where A and R5 have the same meanings as defined above) to produce a compound represented by 
the general formula (1). 

BEST MODE FOR CARRYING OUT THE INVENTION 

45 [0020] In the present invention, the 5- or 6-membered aromatic hetero ring as an example of A which contains at least 
one nitrogen atom as a hetero atom may be exemplified by a pyrrole ring, a pyrrole-1 -oxide ring, a pyrazole ring, a pyra- 
zole-1 -oxide ring, a pyrazole-2-oxide ring, a pyrazole- 1,2 -dioxide ring, an imidazole ring, an imidazole-1 -oxide ring, an 
imidazole-3-oxide ring, ah imidazole-1 ,3-dioxide ring, an isaxazole ring, an isoxazole-2-oxide ring, an oxazole ring, an 
oxazole-3-oxide ring, an isothiazole ring, an isothiazole-1 -oxide ring, an isothiazole- 1,1 -dioxide ring, an isothiazole-1 ,2- 

50 dioxide ring, an isothiazole-2-oxide ring, a thiazole ring, a thiazole-1 -oxide ring, a thiazole-1,1 -dioxide ring, a thiazole- 
3-cxide ring, a pyridine ring, a pyridine-N-oxide ring, a pyridazine ring, a pyridazine-1 -oxide ring, a pyridazine-1 ,2-diox- 
ide ring, a pyrimidine ring, a pyrimidine-1 -oxide ring, a pyrimidine-1,3-dioxide ring, a pyrazine ring, a pyrazine-1 -oxide 
ring or a pyrazine-1 ,4-dioxide ring or the like; 

t 

55 the substituent in A is a hydroxyl group, a halogen atom, a nitro group, a cyano group, a trif luoromethyl group, a 
lower alkoxy group, a lower alkyl group, a lower alkylthio group, NX 10 X n or C(=0)X 12 ; 

where X 1 0 and X 1 1 which may be the same or different are each a hydrogen atom, an optionally substituted lower 
alkyl group, an acyl group, an optionally substituted lower alkoxycarbonyl group, or X 10 and X-n may combine 
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together to form a 3- to 8-membered ring; 

X 12 is a hydrogen atom, a hydroxy I group, an optionally substituted lower alkyl group, an optionally substituted 
lower alkoxy group or NX 13 X 14 ; 

where X 13 and X 14 which may be the same or different are each a hydrogen atom, an optionally substituted lower 
alkyl group, or X 13 and X 14 may combine together to form a 3- to 8-membered ring; 

the lower alkyl group is a straight-chained alkyl group having 1 - 6 carbon atoms, or a branched or cyclic alkyl group 
having 3 • 8 carbon atoms and may be exemplified by a methyl group, an ethyl group, an n-propyl group, an n-butyl 
group, an n-pentyi group, an n-hexyl group, an i-propyi group, an i-butyl group, a sec-butyl group, a t-butyl group, 
an i-pentyl group, a neopentyl group, a t-pentyl group, an i-hexyl group, a cyclopropyl group, a cyclobutyl group, a 
cyclopentyl group, a cyclohexyl group, a cydoheptyl group or a cyclooctyi group or the like; 
the lower alkenyl group is a straight-chained alkenyl group having 2 - 6 carbon atoms or a branched alkenyl group 
having 3 - 6 carbon atoms and may be exemplified by a vinyl group, an ally! group, a 1-butenyl group, a 1-pentenyl 
group, a 1-hexenyl group, a 2-buteny! group, a 2-pentenyl group, a 2-hexenyi group, an isopropenyl group, a 2-bute- 
nyl group or a 1 -methyl-1 -propenyl group or the like; 

the lower alkynyl group is a straight-chained alkynyl group having 2 - 6 carbon atoms or a branched alkynyl group 
having 3 - 6 carbon atoms and may be exemplified by an ethynyl group, a 1 -propynyl group, a 1 -butynyl group, a 1 - 
pentynyl group, a 1-hexynyl group, a 2-propynyl group, a 2-butynyl group, a 2-pentynyl group, a 2-hexynyl group, a 
1-methyi-2-propynyl group, a 3-methyM -butynyl group or a 1-ethyl-2-propynyl group or the like; 
the lower alkoxy group is a straight-chained alkoxy group having 1 - 6 carbon atoms or a branched or cyclic alkoxy 
group having 3 - 8 carbon atoms and may be exemplified by a methoxy group, an ethoxy group, an n-propaxy group, 
an n-butcxy group, an n-pentoxy group, an n-hexaxy group, an i-propoxy group, an i-butoxy group, a sec-butoxy 
group, a t-butoxy group, an i-pentoxy group, a neopentaxy group, a t-pentoxy group, an i-hexoxy group, a cyclopro- 
poxy group, a cydobutoxy group, a cyclopentoxy group, a cyclohexoxy group, a cycloheptoxy group or a cyclooc- 
toxy group or the like; 

the lower alkylthio group is a straight-chained aikylthio group having 1 - 6 carbon atoms or a branched or cyclic 
aikytthio group having 3 - 8 carbon atoms and may be exemplified by a methylthio group, an ethylthio group, an n- 
propylthio group, an n-butylthio group, an n-pentylthio group an n-hexyithio group, an i-propylthio group, an i- 
butylthio group, a sec-butytthio group, a t-butyithio group, an i-pentylthio group, a neopentylthio group, a t-pentylthio 
group, an i-hexylthio group, a cyclopropylthio group, a cyclobutytthio group, a cyclopentylthio group, a cyclohexy- 
Ithio group, a cycloheptylthio group or a cyclooctylthio group or the like; 

the acyl group is not only a formyl group but also an alkylcarbonyl group the alkyl portion of which is a lower alkyl 
group, as well as an arylcarbonyl group and may be exemplified by an acetyl group, a propionyl group, a butyryl 
group, a valeryl group, an isobutyryl group, an isovaleryl group, a pivaloyl group, a benzoyl group, a phthaloyl group 
or a toluoyl group or the like; 

the lower alkoxycarbonyl group is an alkoxycarbonyl group the alkyl portion of which is a lower alkyl group and may 
be exemplified by a methoxycarbonyl group, an ethoxycarbonyl group, an n-propoxycarbonyl group, an n-butoxy- 
carbonyl group, an n-pentoxycarbonyl group an n-hexoxycarbonyl group, an i-propoxycarbonyl group, an i-butoxy- 
carbonyl group, a sec-butoxycarbonyl group, a t-butoxycarbonyl group, an i-pentoxycarbonyl group, a 
neopentoxycarbonyi group, a t-pentoxycarbonyl group, an i-hexoxycarbonyl group, a cyclopropoxycarbonyl group, 
a cyclobutoxycarbonyl group, a cyclopentoxycarbonyl group, a cydohexoxycarbonyl group, a cycloheptaxycarbonyl 
group, or a cyclooctoxycarbonyl group or the like; 

the halogen atom is a fluorine atom, a chlorine atom, a bromine atom or an iodine atom; 

the leaving group is a halogen atom, a trifluoromethanesulfonyloxy group, a p-toluenesulfonylaxy group or a meth- 

anesulfonyloxy group; 

the substituent in the case where R 1( R2, R 3 » R4, X 1p X 2 , X 3 , X4, X 5 , Xg, X 7 , X 8 , X9, X 10 , X 11t X 12 , X 13 , or X 14 isan 
optionally substituted lower alkyl group, an optionally substituted lower alkoxy group, an optionally substituted lower 
alkylthio group or an optionally substituted lower alkoxycarbonyl group may be exemplified by a halogen atom, a 
phenyl group optionally substituted by a halogen atom or a lower alkyl group or a cyclic alkyl group having 3 - 8 
carbon atoms; 

the ring as the 3- to 8-membered ring optionally formed by and R 2 taken together, the ring as the 3- to 8-mem- 
bered ring optionally formed by X 5 and Xe taken together, the ring as the 3- to 8-membered ring optionally formed 
by Xs and X9 taken together, the ring as the 3- to 8-membered ring optionally formed by X 10 and , taken together, 
and the ring as the 3- to 8-membered ring optionally formed by X 13 and X 14 taken together are each a hetero ring 
containing at least one nitrogen atom as a hetero a^om and may be exemplified by a pyrrole ring, a pyrazole ring, 
an imidazole ring, a triazole ring, an aziridine ring, an azetidine ring, a pyrrolidine ring, a piperidine ring, a pipera- 
zine ring, a morpholine ring, a thiomorpholine ring, an azepane ring or an azocane ring or the like; 
the ring as the monocyclic or fused ring having 3-10 carbon atoms that is optionally formed by R 3 and R 4 taken 
together may be exemplified by a cyclopropane ring, a cyclobutane ring, a cyclopentane ring, a cyclohexane ring, 
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a cycloheptane ring, a cyclooctane ring, an indane ring or a tetralin ring or the like; 

NXgXs, NXgXg, NX 10 X 11( and NX 13 X 14 may be exemplified by an amino group, a methylamino group, a ben- 
zylamino group, an ethylamino group, a dimethylamino group, an ethylmethylamino group, a pyrrolidine-1-yl group, 
a piperidine-1-yl group, a morpholine-4-yl group, an acetamido group, a benzamido group, an N-methylacetamide 
5 group, a benzamido group, a tert-butoxycarbonylamino group, an N-methyl-t-butoxycarbonyi-amino group, a pyr- 
rde-1 -yl group, a pyrazole-1 -yl group, an imidazole-1 -yl group, a triazole-1 -yi group, an aziridine-1 -yl group, an aze- 
tidine-1-yl group, a pyrrolidine- 1-yl group, a piperidine-1-yl group, a piperazine-1-yl group, a morpholine-4-yl group 
or a thiomorpholine-4-yl group or the like; 

C(=0)X 7 may be exemplified by a formyi group, a carboxyl group, an acetyl group, a propionyl group, a cyclobutyryl 
10 group, a methoxycarbonyl group, an ethoxycarbonyl group, a t-butoxycarbonyl group, a carbamoyl group, an N- 
methylcarbamoyl group, an N-ethylcarbamoyl group, an N,N<iimethylcarbamoyl group, an N-ethyl-N-methyl car- 
bamoyl group, a pyrrolidinecarbonyt group, a piperidinecarbonyt group or a morpholinecarbonyl group or the like; 
R 1 and R 2 are preferably a hydrogen atom; 

R 3 and R4 are preferably a hydrogen atom, a lower alkyl group having 1 - 3 carbon atoms or a monocyclic ring hav- 
15 ing 3 - 5 carbon atoms, with a hydrogen atom, a methyl grou|>, an ethyl group or a cyclobutyl group being particu- 
larly preferred; 

R 5 is preferably a hydrogen atom; 

X 1f X 2 . X 3 , and X4 are preferably a hydrogen atom, a halogen atom, a lower alkyl group having 1 - 3 carbon atoms 
or a lower alkcxy group having 1 - 3 carbon atoms, with a hydrogen atom, a fluorine atom, a chlorine atom, a methyl 

20 group, an ethyl group, a methoxy group, an ethyoxy group or an n-propoxy group being particularly preferred; 

A is preferably an optionally substituted benzene or pyridine ring, and more preferred is a benzene or pyridine ring 
that is substituted by a nitro group, a lower alkyl group having 1 - 3 carbon atoms, a lower alkoxy group having 1 - 
3 carbon atoms or a lower alkytthio group having 1 - 3 carbon atoms, with a 6-methoxy-3-nrtrobenzene-2-yl group, 
a 6-methyl-3-nitrcpyridine-2-yl group, a 6-methoxy-3-nrtro-cyridine-2-yl group or a 4-methylpyridine-2-yl group 

25 being particularly preferred; 

m and n are such that if they are both zero, the substituents other than Xj , X 2 , X 3 , and X4 are preferably meta-sub- 
stituted on the benzene nucleus whereas if m + n = 1 , the substituents other than , X 2 , X 3 , and X4 are preferably 
ortho- or para-substituted on the benzene nucleus. 

30 [0021 ] Preferred compounds represented by the general formula (1 ) are 2-(3-aminomethylphenylamino)-6-methoxy- 
3-nitropyridine. 2^3-anrtinomethylphenyiajnino)-6-methyl-3-nitropyridine, 2-(3-aminomethylphenylamino)-3-ethyl-3- 
nitropyridine, 2-(3-aminomethylphenylamino)-6-ethoxy-3-nitropyridine, 2-(3-aminomethylphenylamino)-6-methylthio-3- 
nitropyridine, 2-(3-amirK)methylphenylamino)-6-metrT^-3-nitrobenzene, 2-{3-aminomethylphenylamino)-6-methoxy-3- 
nitrobenzene, 2-(3-arninomethyl-2-methylph^ 2-(4-aminoethylphenylamino)-6- 

35 methcxy-3-nrtropyridine. 2-(3-(1-amino-1 -metri^ethyl)phenylamino)-6-metrx)xy-3-nitrcDpyrkjine, 2-(3-aminomethyl-2- 
methcocyphenylamino)-6-methoxy-3-nitropyridine, 2-(3-aminometlTyM-chlorophe^ 

2-(3-aminome^yl-4-fluorophenylamino)-6-methoxy-3-nitro-pyridine, 2-(3-aminomethyl-2-ethoxyphenylamino)-6-meth- 
oxy-3-nrtropyridine, 2-(3-ajriinomethyl-2<hlorophenyla^ 2-(3-aminomethylphe- 
ny1arruno)-4-methylpyridine, 2-(3-{1 -amino-1 -methvlethyl)phenylamino)-4-methylpyridine. 2-(3-aminomethyl-2- 

40 methylphenylamino)-4-methylpyridine, 2-(3-aminometrTyl-4-ethylphenylajriino)-4-metrvlpyridine. 2-(3-aminomethyl-4- 
ethoxyphenylamino)-4-methylpyridine, 2-(2-aminoethylphenylamino)-4-methylpyridine, 2-(3-aminomethyl-2-chlorophe- 
nylamino)-4-methylpyridine, 2-(3-(1 -amino-cydcbutyl)pheriylamino)-4-methylpyridine, 2-{4-aminoethyiphenylamino)-4- 
methylpyridine, 2-(3-antinOTethyl-2-ethacyphenylamino)-4-methylpyridine, 2-(3-arninomethyl-4-chlorophenylamino)-4- 
methyipyridine. 2-(3-aminomethyl-2-(n^rcpoxy)phenylamino)-4-methylpyridine. 2-(3-aminomethyl-4-chloro-2-ethoxy- 

45 phenylamino)-4-methylpyridine t 2-(3-aminomethyl-2-ethoxy-4-methylphenylamino)'4-methylpyridine, 2-(3-aminome- 
thyl-2-methaxyphenylamino)-4-methylpyridine and 2-(3-arranometriyl-2-(i-propoxy^ 

[0022] In addition to the compounds represented by the general formula (1), the present invention also encompasses 
their possible tautomers, stereoisomers, optionally active forms and mixtures thereof. 

[0023] The compounds of the invention which are represented by the general formula (1 ) may typically be synthesized 
so by the following schemes: 
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[0024] The compound represented by the general formula (1 ) can be synthesized by reacting a compound of the gen- 
eral formula (2), used as a starting material, with a compound of the general formula (3). 

[0025] In the general formulas (1), (2) and (3), R 1( R 2 , R 3 , R 4 . R5. x 2- x 3. *5. Xs, X 7 , Xs, X9, A, L, n and m 
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each have the same meanings as defined above. 

[0026] Stated more specifically, the compound represented by the general formula (1) can be synthesized by reacting 
the compound of the general formula (2) with the compound of the general formula (3) in the presence of a base such 
as potassium carbonate, triethylamine, diisopropylethylamine, potassium t-butoxide or sodium t-butoxide, with a metal 

5 catalyst such as copper, palladium or nickel and a ligand such as diphenylphophinoethane, diphenylphosphinopropane, 
diphenylphosphinoferrocene or a^'-bisCdiphenylphosphinol-I.V-binaphthyt being added as required, in a solvent inert 
to the reaction as exemplified by an alcohol such as methanol, ethanol or i-propanol or dimethylformamide, tetrahydro- 
f uran, acetonitrile, toluene or 1 ,4-dioxane, at a temperature between room temperature and the boiling point of the reac- 
tion mixture. Preferably synthesis can be made by performing the reaction in the presence of triethylamine or 

10 diisopropylethylamine in dimethylformamide at 60°C or by performing the reaction in the presence of potassium carbon- 
ate, potassium t-butoxide or sodium t-butoxide, with a palladium catalyst and a ligand diphenylphosphinoferrocene or 
2,2'-bis(diphenylphosphino)-1,V-binaphthyl added, in acetonitrile or toluene at a temperature between 80°C and the 
boiling point of the reaction mixture. 

[0027] The compound represented by the general formula (1 ) can ilso be synthesized by reacting a compound of the 
is general formula (9), used as a starting material, with a compound of the general formula (10). 

[0028] In the general formulas (1 ), (9) and (1 0), . R 2 , R 3 , R 4 . ^ , X 2 , X 3 , X* R 5) A, L, m and n each have the same 
meanings as defined above. 

[0029] Stated more specifically, the compound represented by the general formula (1 ) can be synthesized by reacting 
the compound of the general formula (9) with the compound of the general formula (10) in the presence of a base such 

20 as potassium carbonate, triethylamine, potassium t-butoxide or sodium t-butoxide, preferably in the presence of potas- 
sium t-butoxide, with a metal catalyst such as copper, palladium or nickel and a ligand such as diphenylphosphi- 
noethane, diphenylphosphinopropane, diphenylphosphinoferrocene or 2,2'-bis(diphenylphosphino)-1.1 , -binaphthyl 
being added as required, preferably a palladium catalyst and a ligand diphenylphosphinoferrocene being added, in a 
solvent inert to the reaction as exemplified by an alcohol such as methanol, ethanol or i-propanol or dimethylformamide, 

25 tetrahydrofuran, acetonitrile, toluene or dioxane, preferably in toluene, at a temperature between room temperature and 
the boiling point of the reaction mixture, preferably at 80°C. 

[0030] Among the compounds represented by the general formula (1), one which is represented by the general for- 
mula (5) where A is an optionally substituted pyridine ring and one of the substituerrts present is a lower alkoxy group, 
a lower alkylthio group or NX^ , can also be synthesized starting with a compound of the general formula (4) with the 
30 leaving group attached. 

[0031] In the general formulas (4), (5), (12), (13) and (14), 

Rl R 2 , R3. R4. X 1( X 2 , X 3 , X 4 , L, m and n each has the same meanings as defined above; 

R 5 is an electron withdrawing group such as a nitro group, a cyano group, a trifluoromethyl group or C(=0)X 7 ; 
35 R 7 and R 8 are each a hydrogen atom, a halogen atom, a nitro group, a cyano group, a trifluoromethyl group, a 

hydroxyl group, a lower alkoxy group, a lower alkyl group, a lower alkylthio group, NXgXg or C(=0)X 7 ; 

where X 5 , Xe, and X 7 each has the same meanings as defined above; 

R t 1 is a lower alkoxy group, a lower alkylthio group or NX 10 X 1 1 ; 

R 12 and X 10 are each a lower alkyl group; 
40 X 1 1 is a hydrogen atom or a lower alkyl group. 

[0032] Stated more specifically, the compound represented by the general formula (5) can also be synthesized from 
the compound of the formula (4) by desirably reacting it with a corresponding compound of the general formula (12), 
(13) or (14) in the presence of a base such as triethylamine or sodium hydride in a solvent inert to the reaction such as 
45 dimethylformamide, tetrahydrofuran or acetonitrile at a temperature between room temperature and the boiling point of 
the reaction mixture. 

[0033] Among the compounds represented by the general formula (1), one which is represented by the general for- 
mula (11) where A is an optionally substituted pyridine ring and one of the substrtuents present is a lower alkyl group 
can also be synthesized by decarboxylation a compound obtained by performing a nucleophilic substitution on a lower 
50 alkyl dicarbonate corresponding to a compound of the general formula (4) with the leaving group attached. 
[0034] In the general formulas (4) and (1 1 ), 

R1 , R 2 , R3. R4. R6. R7. R* X 1 . x 2. x 3. X4, m and n each have the same meanings as defined above; and 
Ri 4 is a lower alkyl group. 

55 

[0035] Stated more specifically, the compound represented by the general formula (1 1) can also be synthesized from 
the compound of the general formula (4) by desirably reacting it with a corresponding lower alkyl dicarbonate in the 
presence of a base such as sodium hydride in a solvent inert to the reaction as exemplified by dimethylformamide, tetra- 
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hydrofuran or acetonitrile. preferably in dimethylformamide, at a temperature between room temperature and the boiling 
point of the reaction mixture, preferably at room temperature and thereafter subjecting the product to reaction in aque- 
ous sulfuric acid at the boiling point of the reaction mixture. 

[0036] Examples of the lower alkyl dicarbonate include dimethyl malonate, diethyl malonate, diethyl methylmalonate, 
5 diethyl ethylmalonate, diethyl n-propylmalonate, diethyl i-propylmalonate, diethyl n-butylmalonate, diethyl i-butyl- 
malonate, diethyl t-butylmalonate, diethyl n-pentylmalonate and so forth. 

[0037] Among the compounds represented by the general formula (1), one which is represented by the general for- 
mula (7) where A is an optionally substituted pyridine ring and one of the substrtuents present is an amino group can 
also be synthesized by reducing the nitro group in the corresponding general formula (6). 
10 [0038] In the general formulas (6) and (7), 

Ri, R2. R3. R4. m and n each have the same meanings as defined above; 

Re, R 7 , and Ra are each a hydrogen atom, a halogen atom, a trifluoromethyl group, a hydroxyl group, a lower alkyl 
group, a lower alkcxy group, a lower alkylthio group, NX^Xq or CQ/ 7 ; 
is where X 5 , Xg, and X 7 each have the same meanings as defined above; 

X 1 , X 2 , X 3 , and X4 are each a hydrogen atom, a halogen atom, a phenyl group optionally substituted with a halogen 
atom and/or a lower alkyl group, a hydroxyl group, an optionally substituted lower alkyl group, an optionally substi- 
tuted lower altoxy group, NXgXe or COX 7 ; 

where X 5 , Xg, and X 7l each have the same meanings as defined above. 

20 

[0039] Stated more specifically, the compound represented by the general formula (7) can also be synthesized by 
subjecting the compound of the general formula (6) to catalytic reduction in a solvent inert to the reaction as exemplified 
by ethanol, methanol, ethyl acetate, acetic acid or 1 ,4-dioxane, preferably in ethanol a methanol, in a hydrogen atmos- 
phere at a temperature between room temperature and the boiling point of the reaction mixture, preferably at room tem- 
25 perature, with palladium-carbon, Raney nickel or platinum oxide used as a catalyst or by performing reduction using 
nickel (II) chloride or sodium borohydride, so as to reduce the nitro group. 

[0040] Among the compounds represented by the general formula (1), one which is represented by the general for* 
mula (8) where A is an optionally substituted pyridine ring and one of the substituents present is NR 9 R 10 can also be 
synthesized with a compound of the general formula (7) used as a starting material. 
30 [0041] In the general formulas (7), (8), (15), (16) and (17), 

R-I* R2. R3. R4. Re. R 7- R 8> R12* X 1- x 2< x 3< x 4< U m and n each have the same meanings as defined above; 
R g is a hydrogen atom or a lower alkyl group; 

R 10 is a lower alkyl group, an acyl group or a lower alkoxycarbonyl group; 
35 R 13 is a lower alkyl group optionally substituted by a phenyl group; and 
X is a halogen atom. 

[0042] Stated more specifically the compound represented by the general formula (8) can also be synthesized from 
the compound of the general formula (7) by desirably reacting it with a corresponding compound of the general formula 
(1 5), (1 6) or (1 7) in the presence of a base such as triethylamine or potassium carbonate in a solvent inert to the reac- 
tion at a temperature between room temperature and the boiling point of the reaction mixture, preferably at room tem- 
perature. 

[0043] If in the process of synthesizing the compounds represented by the above formulas (1), (5), (7), (8) and (1 1), 
a protective group is necessary for the primary or secondary amino group, they are first protected either with a suitable 
45 resin or with one of the appropriate protective groups described in Green and Wuts, "PROTECTIVE GROUPS IN 
ORGANIC SYNTHESIS", 2nd Edition, John Wiley & Sons Inc., p. 309, 1 991 ( and thereafter the respective reactions are 
performed. If necessary, the protected groups may be subjected to a deprotecting reaction. Examples of the amino pro- 
tecting group include a t-butoxycarbonyl group, a trrfluoroacetyl group and so forth. 

[0044] The amino protecting reaction such as t-butcxycarbonylation may be performed by reacting the respective 
so compound with di-t-butyl dicarbonate in a solvent inert to the reaction as exemplified by an alcohol such as methanol, 
ethanol or i-propanol or methylene dichloride, dimethyl-tormamide or 1 ,4-dioxane in the presence of an organic base 
such as triethylamine or 4-dimethylamiopyridine at a temperature between 0°C and room temperature. 
[0045] The amino protecting reaction may also be performed with a Wang resin by reacting the respective compound 
with a 4-nrtrophenyloxycarbonyl-Wang resin (Tetrahedron Lett, 37, 937-940 (1996)) in a solvent inert to the reaction as 
55 exemplified by methylene chloride, dimethylformamide or 1 ,4-dioxane in the presence of an organic base such as 4- 
methylmorpholine, triethylamine or 4-dimethylaminopyridine at a temperature between 0°C and room temperature. 
[0046] If the protecting group is a t-butoxycarbonyl group or the Wang resin mentioned above, a reaction for depro- 
tecting the amino group is preferably performed in a solvent inert to the reaction as exemplified by methanol, ethanol, 



10 



EP 0 949 242 A1 



1 ,4Klioxane or methylene chloride or without using any solvent at all, with the aid of a deprotecting agent such as trif- 
luoroacetic acid, hydrochloric acid, sulfuric acid or methanesulfbnic acid at a temperature between 0°C and room tem- 
perature, with the use of anhydrous conditions, room temperature and trrfluoroacetic acid being particularly preferred. 
[0047] If the compounds of the invention which are represented by the general formula (1) have asymmetric carbons 

5 in their structure, the pure forms of their stereoisomers and optically active forms can be obtained by known techniques 
in the art, such as chromatography on optical isomer separating columns and fractional crystallization. 
[0048] Pharmaceutically acceptable salts of the compounds of the invention which are represented by the general 
formula (1) may be of any types as long as they are pharmaceutically acceptable salts and typical examples include 
salts with inorganic acids such as hydrochloric acid, sulfuric acid, nitric acid, hydrobrobromic acid and hydroiodic acid, 

w salts with organic acids such as formic acid, acetic acid, oxalic acid and tartaric acid, salts with alkali metals such as 
sodium and potassium, and salts with alkaline earth metals such as calcium and magnesium. 
[0049] The compounds of the invention or salts thereof may be formulated with suitable exdpients, adjuvants, lubri- 
cants, antiseptics, disintegrators, buffering agents, binders, stabilizers, wetting agents, emulsif iers, coloring agents, fla- 
voring agents, fragrances, etc. to form tablets, granules, subtilized granules, powders, capsules, syrups, elixirs, 

is suspensions, emulsions, injections, etc. for oral or parenteral administration. When the cerebrovascular diseases to be 
treated are in a hyperacute phase (immediately after the stroke), an acute phase (from the stroke to 2 or 3 days later) 
or in a subacute phase (2 or 3 days up to 2 weeks after the stroke), administration is effected primarily by intramuscular 
or intravenous injection. In addition, oral administration may be performed in a chronic phase (the third week after stroke 
and onward) if the patient admits ingestion. 

20 [0050] The compounds of the invention or salts thereof may be administered in doses that vary with the physical con- 
stitution of the patient, his or her age, physical condition, the severity of the disease, the time of lapse after the onset of 
the disease and other factors; typical daily doses range from 0.5 to 5 mg/body for oral administration and from 1 to 10 
mg/body for parenteral administration. It should generally be noted that even if the same dose is administered, the 
plasma concentration may sometimes vary considerably between patients; hence, an optimal dose of the drug should 

25 ideally be determined for each patient on the basis of a monitored plasma concentration of the drug. 

[0051 ] If the compounds of the invention or salts thereof are to be formulated as preparations for internal application, 
lactose, sucrose, sorbitol, mannitol, starches such as potato starch or corn starch, starch derivatives and common addi- 
tives such as cellulose derivatives or gelatin are suitably used as vehicles, with lubricants such as magnesium stearate, 
carbowaxes and polyethylene glycol being optionally added concurrently; the resulting mixtures may be formulated in 

30 the usual manner into granules, tablets, capsules or other forms suitable for internal application. 

[0052] If the compounds of the invention or salts thereof are to be formulated as aqueous preparations, effective 
amounts of the principal ingredients may be dissolved in distilled water for injection, with antioxidants, stabilizers, dis- 
solution aids, buffering agents, preservatives, etc. added as required and, after complete solutions are formed, they are 
filtered, filled into ampules and sealed in the usual manner and sterilized by a suitable medium such as high-pressure 

35 vapor or dry heat so as to prepare injections. 

[0053] If the compounds of the invention or salts thereof are to be formulated as lyophilized preparations, aqueous 
solutions having the principal ingredients dissolved in distilled water for injection may be f reeze-dried in the usual man- 
ner; depending on the need, excipients that provide for easy lyophilization, such as sugars (e.g. lactose, maltose and 
sucrose), sugar alcohols (e.g. mannitol and inositol), glycine and the like, may be added before freeze-drying is per- 

40 formed in the usual manner to make the intended preparations. 

Examples 

[0054] Lists of the compounds prepared in the Examples of the invention are given in Tables 1 • 37 below. 
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Example 1 

Synthesis of 2^di-ft-butoxvrafto 

[0055] A mixture of 3-{oMt-butaocycarboriyl)an™^ (1 .50 g), triethylamine (2.0 ml), 2-chloro-3-nrtropyrid- 

ine (1 .10 g) and anhydrous dimethytfdrmamide (15 ml) was stirred at 60°C for 20 h and. thereafter, ethyl acetate and 
water were added. The organic layer was washed with a saturated aqueous sodium chloride solution, dried with anhy- 
drous sodium sulfate and concentrated under reduced pressure. The resulting residue was purified by silica gel column 
chromatography (eluent. n-hexane:ethyj acetate = 3 : 1) to give 1 .42 g of the titled compound (yield, 69%). 

1 H-NMR(CDCL 3 ) 

6:1.47(18H, s), 4.81(2H, s), 6.83(1H, dd, J=8.3, 4.3Hz), 7.11(1H t d. J=7.9Hz), 7.34(1H. dd. J=7.9, 7.9Hz), 7.55- 
7.63 (2H, m), 8.47(1H, dd, J=4.3, 1.7Hz). 8.53(1H, dd, J=8.3, 1.7Hz), 10.11(1H, brs) 

is [0056] The procedure of Example 1 was repeated using corresponding aniline derivatives or corresponding halogen- 
ated derivatives to give the compounds shown in Tables 38 - 43 (under "Reaction condition" in the tables, base:(1) is 
triethylamine and base:(2) is diisopropylethylamine). 
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Example 2 

Synthesis of 243-aminomethvtoherwlan^no)-3-nltroi3vridi ne hydrochloride 

[0057] A mixture of the compound (95.2 mg) obtained in Example 1 and trrfluoroacetic acid (2 ml) was stirred at room 
temperature for 1 h and concentrated under reduced pressure. The resulting residue was dissolved in methanol (3 ml) 
and a 1 ,4-dioxane solution (4 N, 0.5 ml) of hydrogen chloride was added at room temperature and the mixture was con- 
centrated under reduced pressure. In addition, the resulting residue was recrystallized from ethanol-ethyt acetate to 
give 56.7 mg of the titled compound (yield, 94%) 

1 H-NMR(DMSCVd 6 ) 

5:4.03(2H, q, J=5.6Hz), 7.03(1 H dd, J=8.2, 4.3Hz), 7.28(1 H, d, J=7.6Hz), 7.42(1 H, dd, J=7.6. 7.6Hz), 7.74(1 H t s). 
7.75{1H, d, J*7.6Hz), 8.46(3H brs), 8.50-8.60(2H, m) p 10.00(1 H, s) 

[0058] The procedure of Example 2 was repeated using correspoliding reagents to give the compounds shown in 
Tables 44 - 62. 
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Example 3 

Synthesis of 3-antino-2^3^di(t-butoxvcarbon^ 

[0059] A mixture of the compound (1 .41 g) obtained in Example 1,10% palladium-carbon (1 70 mg), methanol (60 ml) 
and ethyl acetate (30 ml) was stirred in a hydrogen atmosphere at room temperature for one day. The reaction mixture 
was filtered and the filtrate was concentrated under reduced pressure. The resulting residue was purified by silica gel 
column chromatography (eluent, n-hexane:ethyl acetate = 2 : 1) to give 1 . 15 g of the titled compound (yield, 88%). 

1 H-NMR(CDCI 3 ) 

5:1.45(18H, s), 3.40(2H, brs). 4.75(2H, s), 6.20(1H, brs), 6.77(1 H, dd, J=7.6, 5.0Hz), 6.84-6.90(1 H, m) ( 7.00(1H, 
dd, J=7.6, 1.3Hz), 7.13(1H, s), 7.19-7.23(2H, m), 7.82 (1H t dd, J=5.0, 1.3Hz) 

[0060] The procedure of Example 3 was repeated using corresponding reagents to give the compounds shown in 
Table 63. 
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Example 5 

Synthesis of 3-mrth>riamino-2-f3-idi-ft-b^ 

[0061 ] To a mixture of the compound (88.5 mg) obtained in Example 3, methyl iodide (1 5 ^l) and dimethylformamide 
(2 ml), sodium hydride (content - 60%; 10 mg) was added and the resulting mixture was stirred at room temperature 
for 4 days. To the reaction mixture, ethyl acetate and a saturated aqueous sodium hydrogencarbonate solution were 
added. The organic layer was washed with a saturated aqueous sodium chloride solution, dried with anhydrous sodium 
sulfate and concentrated under reduced pressure. The resulting residue was purified by silica gel column chromatog- 
raphy (eluent, n-hexane:ethyl acetate = 2 : 3) to give 19.3 mg of the titled compound (yield, 21%). 

1 H-NMR(CDCI 3 ) 

8:1.44(18H, S), 2.85(3H, s), 3.48(1 H, brs), 4.74(2H, s), 6.02(1 H, s), 6.82-6.95(3H, m), 7.03(1 H, s), 7.09(1 H, d, 
J=8.0Hz). 7.20(1 H. dd, J=8.0, 8.0Hz). 7.75 (1H, dd, J=4.3, 1.7Hz) " 

Example 6 

Synthesis of 3-methvlamino-2-f3-amino methvlphenvlamino^ovridine 

[0062] Using the compound obtained in Example 5 as a starting material, reaction was performed as in Example 2 
and thereafter the liquid reaction mixture was concentrated under reduced pressure. The resulting residue was purified 
by basic silica gel column chromatography (eluent. chloroform: methanol = 10 : 1) to give the titled compound quantita- 
tively. 

1 H-NMR(CDCI 3 ) 

5:1.69(2H, brs), 2.85(3H, s). 3.53(1 K brs), 3.81(2H, s), 6.08(1H, brs), 6.84-6.94(3H, m), 7.05(1H, d. J=7.6Hz), 
7.12(1H, s). 7.22(1H, dd, J=7.6, 7.6Hz), 7.76 (1H, dd. J=4.6, 2.0Hz) 

Example 7 

Synthesis of 3-etriviamino-2-f3^d^t-butoxvra^ 

[0063] Using the compound obtained in Example 3 as a starting material and also using ethyl iodide as a reagent, the 
procedure of Example 5 was repeated to give the titled compound (yield. 54%). 

1 H-NMR(CDCI 3 ) 

5:1.28(3H, t, J=7.3Hz), 1.45(18H, s), 3.15(2H, q, J=7.3Hz), 3.30(1H, brs), 4.74(2H, s), 6.05(1H, s), 6.82-6.96(3H, 
m), 7.07(1H, s), 7.12-7.18(1H, m), 7.18 (1H, dd, J=7.3, 7.3Hz), 7.75(1H, dd, J=4.6, 1.3Hz) 

Example 29 

Synthesis of 2-(3-(di-ft-butoxvcarto^ 

[0064] A mixture of the compound (77.0 mg) obtained in Example 27. potassium carbonate (89 mg), methylamine 
hydrochloride (22.0 mg) and acetonitrile (2 ml) was stirred at 60°C for 6 h and the reaction mixture was concentrated 
under reduced pressure. Ethyl acetate and water were added to the resulting residue. The organic layer was washed 
with a saturated aqueous sodium chloride solution, dried with anhydrous sodium sulfate and concentrated under 
reduced pressure. The resulting residue was purified by silica gel column chromatography (eluent, n-hexane:ethyl ace- 
tate ■ 2 : 1) to give 71 .0 mg of the titled compound (yield, 93%). 

1 H-NMR(CDC! 3 ) 

5:1.43(18H, s). 3.03(3H t d. J=4.3Hz), 4.81 (2H, s). 5.93(1 H ( d. J=8.9Hz) t 6.98-7.80(5H. m), 8.20-8.42(1 H, m). 
10.81(1 H, brs) 

i 

[0065] The procedure of Example 29 was repeated using corresponding amine derivatives to give the compounds 
shown in Table 64. 
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Table 64 



Example 


Amine 
derivative 


Product 


Spectral data 


3 1 


NHjElHCI 


NH£t 
H NO, 


'H-NMR(CDCI,) 6 1. 32 (3H. t. J«6. 9Hz). 1. 43 ( 
13H, s). 3. 38-3. 52 (2H. n). 4. 81 (2H. s). 5. 92 ( 
1H <fc J»9. 2Hz). 6. 97-7. 78CSH. n). 8. Z6<1H. d. 
J =9. 2Hz). 10. 79(lH.brs) 


3 3 


NH/Pr-HC! 


NH*Pr 


'H-NMR(CDC1,) S 1. 00 (3H. t. J=7. 3Hz). 1. 43 ( 
18H. s). 1. 62-1. 80 (2H. m). 3. 22-3. 44 (ZH, n). 
4. 81 (2E s). 5. 93 (ia d. 1=6. 5Hz). 6. 95-7. 83 ( 
5H.d).8. 20-8. 37(lH,n), 10. 80(1H. brs) 


3 5 


NHMtjJIG 


NMi, 


•H-NMRCCDCi,) 8 1. 46 (18H. s). 3. 19(6H. s), 
4. 78 (2K s). 6. 08 (1H. d, J=9. 6Hz). 7. 04(1H. d. 
W. 6Hz). 7. 29 (ia dd. J«7. 6. 7. 6Hz). 7. 58 ( 
ia $). 7. 59(ia d. J»7. 6Hz>. 8. 28(ia d. J=9. 6 
Hz). 10.81(ia brs) 



Example 37 

Synthesis of 6^hloro-2^3-{t^utoxycaitoonv1am^ acid 

[0066] A mixture of 3-(dKt-butoxy<»rbony1)aminomethyl)aniline (81 mg), 2,6-dichloronicotinic acid (90%. 53 mg), di- 
i-propylethylamine (64 mg) and 1,4-dioxane (1 ml) was heated under reflux for 3 days and then concentrated under 
reduced pressure. The resulting residue was purified by silica gel column chromatography (eluent, methylene chlo- 
ride:methanol = 20 : 1) to give 24 mg of the titled compound (yield, 25%). 

1 H-NMR(DMSO-d6) 

5:1.44(9H, s) t 4.14-4.26(2H, m), 6.72(1H, d, J=7.9Hz), 6.89(1H, d, J=7.6Hz), 7.09(1H, brt) ( 7.26(1H, dd. J=7.6. 
7.6Hz), 7.51(1 H, S). 7.71 (1H, d. J*7.6Hz). 8.22(1 H. d, J=7.9Hz) 

Example 39 

Synthesis of 2^3-(dKt-bulowcarto^ 

[0067] A mixture of 3-(di-(t-butoxycarbonyl)amirwmethyl)aniline (50 mg), tetrakistriphenytphosphine pallp 
mg), potassium carbonate (24 mg), 2-chloro-6-methoxypyridine (25 mg) and toluene (3 ml) was heated Ae 
under nitrogen atmosphere fa 1 6 h and, thereafter, ethyl acetate and water were added. The organic lay? 
with a saturated aqueous sodium chloride solution, dried with anhydrous sodium sulfate and corv 
reduced pressure. The resulting residue was purified by silica gel column chromatography (eluent, et K 
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= 1 : 4) to give 54.5 mg of the titled compound (yield, 82%). 
1 H-NMR(CDCl3) 

5:1.45(18H, s) f 3.91(3H, s), 4.77(2H, s), 6.19(1H, d, J=7.9Hz), 6.36(1H, brs), 6.39(1H, d. J=7.9Hz), 6.93(1H, d. 
J=6.9Hz) 7.23-7.30(3H, m), 7.39(1 H, dd, J=7.9, 7.9Hz) 

[0068] The procedure of Example 39 was repeated using corresponding aniline derivatives and corresponding halo- 
genated derivatives to give the compounds shown in Tables 65 - 73 (under "Reaction conditions'* in the tables: palla- 
dium Pd:(1) is tetrakistriphenylphosphine palladium, Pd:(2) is tris(dibenzylideneacetone)dipalladium, base:(1) is 
potassium t-butoxide, base:(2) is sodium t-butoxide, base:(3) is potassium carbonate; ligand:(1) is diphenytphosphino- 
ferrocene and ligand:(2) is 2,2'-bis(diphenylphosphino)-1,V-binaphthyl. 



; 
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Exgmple 4§ 

Synthesis of 2^3-aminomethvtDhenvlamino)-6-metho xvnicotinic acid hydrochloride 

[0069] A mixture of the compound (37 mg) obtained in Example 43, potassium hydroxide (96 mg), water (2 ml) and 
1 ,4-dioxane (2 ml) was heated at 60°C for 2 h. The reaction mixture was cooled, then rendered acidic with 2 N HCI and 
subjected to extraction with methylene chloride. The organic layer was dried with anhydrous sodium sulfate and con- 
centrated under reduced pressure. The resulting residue was worked up as in Example 2 to give the titled compound 
quantitatively. 

1 H-NMR(DMSO-d6) 

5:3.95(3H, s), 4.01(2H, brs), 6.27(11-1, d. J=8.6Hz). 7.14(1H, d. J=7.6Hz), 7.39(1H, dd, J=8.3, 7.6Hz) ( 7.71(1H, s), 
7.90(1H, d, J=8.3Hz), 8.14(1 H. d, J=8.6Hz), 8.30(3H, brs), 10.75 (1H, s), 13.06(1 H, brs) 

Example 52 

Synthesis, of g-(3-aminQmetfrylphepylamm^^ hydrochlgrkje 

[00701 A mixture of the compound (118 mg) obtained in Example 446, concentrated sulfuric acid (1 ml) and water (2 
ml) was heated at 120°C for 4 h. The reaction mixture was put into ice water, adjusted to pH 8 with saturated sodium 
hydrogencarbonate and subjected to extraction with ethyl acetate. The organic layer was washed with a saturated 
aqueous sodium chloride solution, dried with anhydrous sodium sulfate and dried under reduced pressure. The result- 
ing residue was dissolved in methanol (2 ml) and, after addition of a 1 ,4-dioxane solution (4 N, 0.5 ml) of hydrogen chlo- 
ride at room temperature, the reaction mixture was concentrated under reduced pressure. The residue was 
recrystallized from methanol-ethyl acetate to give 37.1 mg of the titled compound (61%). 

1 H-NMR(DMSO<%) 

8:2.49(3H, s), 4.03(2H, q t J=5.6Hz), 6.90(1 H, d, J=8.6Hz), 7.27(1 H, d, J=7.9Hz), 7.42(1 H, dd, J=7.9, 7.9Hz), 7.77 
(1H, s). 7.86(1 H, d, J=7.9Hz), 8.31 (3H, brs). 8.45 (1H. d, J=8.6Hz), 1 0.09(1 H, s) 

Example 53 

Synthesis of 2-f3-aminomethylphenvlamino)-6-ethvl-3-nitr()Pvridine hydrochloride 

[0071] Using the compound obtained in Example 447 as a starting material, the procedure of Example 52 was 
repeated to give the titled compound (yield, 85%). 

1 H-NMR(DMS0^6) 

6:1.24(3H. t, J=7.3Hz) t 2.79(2H, q, J=7.3Hz), 4.02(2H, q, J=5.0Hz), 6.92(1 H, d, J=8.6Hz), 7.26(1H, d. J=7.6Hz), 
7.43 (1H, dd, J=7;6. 7.6Hz), 7.75(1 H, s), 7.90(1 H, d, J=7.6Hz), 8.41 (3H, brs). 8.48(1 H, d, J=8.6Hz), 1 0.1 0(1 H, s) 

Example 443 

Synthesis of 2-(3-(t-butoxvcattx)nv1amirTom acid 

[0072] To a mixture of the compound (53.8 mg) obtained in Example 423 and methanol (3 ml), a 2N aqueous sodium 
hydroxide solution (1 ml) was added. The reaction mixture was stirred at room temperature for 4 h and concentrated 
under reduced pressure. To the resulting residue, ethyl acetate was added and mixture was subjected to extraction with 
water. The aqueous layer was adjusted to pH 1 with 2N HCI and subjected to extraction with ethyl acetate. The organic 
layer was washed with a saturated aqueous sodium chloride solution, dried with anhydrous sodium sulfate and concen- 
trated under reduced pressure to give 47.3 mg of the titled compound (yield, 90%). 

1 H-NMR(CDCl3) 

S:7.49(1H, d. J=7.9Hz). 7.45(1 H. s), 7.28(1 H, dd, J*7.9, 7.3Hz). 6.98(1 H, s). 6.93(1 H. d, J=7.3Hz), 6.76(1 H, s), 
4.92(1H, brs), 4.31(2H. d, J=5.6Hz), 3.95(3H ( s), 1.46(9H, s) 
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Example 444 

Synthesis of 2^H3utoxvcar tx)^ 

[0073] To a mixture of the compound (155.3 mg) obtained in Example 423, tetrahydrofuran (4 mi) and methanol (2 
ml), lithium borohydride (13 mg) was added. The reaction mixture was stirred at room temperature for one week and, 
after addition of water, the mixture was concentrated under reduced pressure. Water was added to the resulting residue 
and the mixture was subjected to extraction with ethyl acetate. The organic layer was washed with a saturated aqueous 
sodium chloride solution, dried with anhydrous sodium sulfate and concentrated under reduced pressure. The resulting 
residue was purified by silica gel column chromatography (eluent, ethyl acetate:n-hexane = 1 : 1) to give 86.1 mgof the 
titled compound (yield, 60%). 

1 H-NMR(CDCI 3 ) 

5: 7.37(1H, s). 7.18-7.12(2H. m). 6.93-6.88(1 H, m). 6.42(1H^s). 6.42(1H, s). 6.18(1H, s), 4.88(1H. brs) ( 4.59(2H. 
s), 4.29(2H, d, J=5.6Hz), 3.90(3H, s). 1.45(9H, s) 

Example 446 

Synthesis of 2^2-f 3-(di-rt-rjutoxycartH)n^ acid dimethyl ester 

[0074] To a mixture of the compound (1 50 mg) obtained in Example 27, dimethyl malonate (50 mg) and dimethyl-for- 
mamide (3 ml), sodium hydride (content, 60%; 15 mg) was added. The reaction mixture was stirred at room tempera- 
ture for 3 h and then ethyl acetate and water were added. The organic layer was washed with a saturated aqueous 
sodium chloride solution, dried with anhydrous sodium sulfate and concentrated under reduced pressure. The resulting 
residue was purified by silica gel column chromatography (eluerrt, n-hexane:ethyi acetate = 2 : 1 ) to give 1 23 mg of the 
titled compound (yield, 68%). 

1 H-NMR(CDCI 3 ) 

8:1. 47(1 8H, S), 3.76(6H, s). 4.81 (2H, s). 4.91 (1H, S), 6.95(1 H, d. J=8.6Hz), 7.08(1 H, d, J=7.9Hz), 7.32(1 H f dd, 
J=7.9, 7.9Hz), 7.44(1H, s). 7.68(1H, d, J=7.9Hz), 8.54(1H. d, J=8.6Hz), 10.18(1 H, brs) 

[0075] The procedure of Example 446 was repeated using corresponding chlorinated derivatives forms and corre- 
sponding reagents to give the compounds listed in Table 74. 
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Example 449 

Synthesis of 2-(3-(Hxrtoxvrart^ 

5 [0076] A mixture of 3-(di-(t4xjtoxycarbony1)aminomethyf)bromobenzene (260 mg), tris(dibenzylideneacetone)dipalla- 
dium (42 mg), diphenylphosphinoferrocene (50 mg), potassium t-butoxide (102 mg), 2-amino-4-methylpyridine (108 
mg) and toluene (10 ml) was heated under a nitrogen atmosphere at 80°C fa 22 h. Ethyl acetate and water were added 
to the reaction mixture. The organic layer was washed with a saturated aqueous sodium chloride solution, dried with 
anhydrous sodium sulfate and concentrated under reduced pressure. The resulting residue was purified by silica gel 

w column chromatography (eluent, ethyl acetate:n-hexane - 1 : 1) to give 29.2 mg of the titled compound (yield, 10%). 

1 H-NMR(CDCI 3 ) 

8:1.46(9H, s), 2.26(3H, s), 4.30(2H, d, J=5.9Hz), 4.90(1 H, brt), 6.59(1 H, d, J=5.0Hz). 6.60(1 H, s), 6.68(1 H, s), 
6.94(1 H, d, J=6.3Hz), 7.21-7.31(3H, m), 8.06(1 H, d, J=5.0HzJ 

15 

[0077] The procedure of Example 449 was repeated using corresponding amine derivatives to give the compounds 
listed in Table 75. 



Table 75 



Exanple 


Amine 
derivative 


Product 


Spectral data 


4 5 0 


A 

H 2 N N M« 




'H-NMfUCDCI,) 5 1. 46 OR s). 2.22(3 
H, s). 2. 40 (3H, s). 4. 30 (2R d. J =5. 6 
Hz). 4. 83 (IH. brt). 6.430H. brs). 
6. 47 (1H. s).6. 53C1H. s).6. 93(1H. 
d, J=7. 3Hz).7. 19-7. 29(3H.m) 


4 5 1 




H " 


'H-NMR(CDCi; 6 1. 21 (3R t. J=7. 6Hz 
). 1- 46 (9H. s). 2. 56 (2H. q. J=7. 6Hz 
). 4. 30(2H, d, J=S. 6Hz). 4. 83(1H. 
brt). 6. S4C1H. brs). 6. 61 (IH, d. J= 
5. 0Hz).6. 69C1H. s). 6. 91-6. 95UH. 
■).7. 18-7. 31 (3ft a). 8. 09 (IH. d. J= 
S. 0Hz) 



Example 4§3 

I 

55 Synthesis of 2-(3-(t-butoxvrart^^ acid 

[0078] Using the compound obtained in Example 442 as a starting material, the procedure of Example 45 was 
repeated to give the titled compound (yield, 92%). 
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1 H-NMR(CDCI 3 -CD 3 OD) 

5:1.46(9H, s), 3.99(3H, s), 4.30(2H ( s), 6.16(1H ( d, J=8.6Hz), 6.94(1H, d ( J=7.8Hz), 7.28(1H, dd, J=7.8, 7 ( 8Hz), 
7.58(1H, d. J=7,8Hz), 7.73(1H f s) t 8.16(1H, d, J=8.6Hz) 

5 Example 453 

Synthesis of 2-(3-t-butoxvcar1^ 

[0079] To a mixture of the compound (44 mg) obtained in Example 452, triethylamine (18 mg) and tetrahydrofuran (2 
w ml), ethyl chlorocarbonate (14.3 mg) was added and the resulting mixture was stirred at room temperature for 15 min. 
Ammonia gas was blown through the reaction mixture at room temperature and after stirring at room temperature for 5 
min, the mixture was concentrated under reduced pressure. To the resulting residue, a saturated aqueous sodium 
hydrogen-carbonate solution was added and the mixture was subjected to extraction with methylene chloride. The 
organic layer was washed with a saturated aqueous sodium chloride solution, dried with anhydrous magnesium sulfate 
15 and concentrated under reduced pressure. The resulting residue was'purrf ied by preparative thin-layer chromatography 
(eluent, methanol methylene chloride ■ 1 : 20) to give 10 mg of the titled compound (yield, 1 1%). 

1 H-NMR(DMSO-d 6 ) 

6: 1.39 (9H, s), 3.92(3H, s), 4.12(2H, d. J=5.9Hz), 6.20(1 H, d, J=8.6Hz). 6.85(1 H, d, J=7.6Hz), 7.24(1 H, dd, J=7.6. 
20 7.6Hz), 7.32-7.40(2H, m), 7.51(1 H, d. J«7.6Hz), 7.61(1 H, s), 8.01(1H, brs), 8.10(1 H, d, J=8.6Hz) 

Example 454 

Synthesis of g-(3-(rtutoxyca^ 

25 

[0080] To a mixture of the compound (300 mg) obtained in Example 452, triethylamine (101 mg) and tetrahydrofuran 
(8 ml), a tetrahydrofuran solution (1 ml) of ethyl chlorocarbonate (109 mg) was added under ice cooling and the result- 
ing mixture was stirred at 0°C for 1 5 min. The reaction mixture was filtered and a tetrahydrofuran solution (2 M, 0.8 ml) 
of lithium borohydride was added to the filtrate under ice cooling. The reaction mixture was stirred at 0°C for 30 min and 
30 thereafter a 1 N aqueous sodium hydroxide solution was added under ice cooling. Further, the reaction mixture was 
stirred at 0°C for 5 min and then ether and water were added. The organic layer was washed with a saturated aqueous 
sodium chloride solution, dried with anhydrous magnesium sulfate and concentrated under reduced pressure. The 
resulting residue was purified by silica gel column chromatography (eluent, ethyl acetate:methylene chloride = 1 : 10) 
to give 199 mg of the titled compound (yield, 69%). 

35 

1 H-NMR(CDCI 3 ) 

5: 1.46(9H, s), 3.93(3H, s), 4.31(2H, d f J=5.6Hz), 4.67(2H, d. J=5.6Hz), 4.79(1H, brt), 6.15(1H, d, J=7.9Hz). 
6.89(1 H, d, J=7.6Hz), 7.21 -7.31 (3H, m), 7.48(1 H. d, J=7.6Hz), 7.64(1 H, brs). 7.70(1 H, brs) 

40 Example 456 

Synthesis of 2-(3-(t^utoxycarbonyla miriomethyl)phenylamino)-6-methoxypw 

[0081] A mixture of the compound (24 mg) obtained in Example 454, manganese tetraoxide (40 mg) and benzene (8 
45 ml) was stirred at room temperature for 2 days. 

[0082] The reaction mixture was filtered and the filtrate was concentrated under reduced pressure. The resulting res- 
idue was purified by silica gel column chromatography (eluent, ethyl acetate:methylene chloride =1 : 20) to give 14 mg 
of the titled compound (yield, 59%). 

so 1 H-NMR(CDCl3) 

6:1.47(9H, s), 4.01(31-1, s), 4.33(2H, d, J=5.6Hz), 4.82(1H, brt). 6.24(1H, d. J=8.3Hz), 7.00(1H, d. J=7.6Hz), 
7.30(1 H. dd. J=7.6. 7.6Hz), 7.61 (1H. d, J=7.6Hz). 7.71 (1H. d, J=8.3Hz), 7.72(1 H, s), 9.67(1 H. s). 10.95(1 H, s) 

Example 472 / 

55 

Synthesis of 2-(3-aminomethylphenylamino)-4-lTydroxym dihvdrochloride 

[0083] To a mixture of the compound (109.5 mg) obtained in Example 423, tetrahydrofuran (4 ml) and methanol (1 
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ml), lithium borohydride (19 mg) was added. The reaction mixture was stirred at room temperature for 44 h and after 
addition of 2 N HCI, the resulting mixture was concentrated under reduced pressure. The resulting residue was sub- 
jected to basic silica get column chromatography (eluent methanohmethylene chloride ■ 1 : 19). To a mixture of the 
purified product and methanol (3 ml), a 1,4-dioxane solution (4 N, 0.3 ml) of hydrogen chloride was added and the 
5 resulting mixture was concentrated under reduced pressure. The resulting residue was recrystaflised from methanol* 
ethyl acetate to give 48 mg of the titled compound (yield, 58%). 

1 H-NMR(DMSO<l 6 ) 

5:9.18(1H. brs), 8.39(3H. brs). 7.78(1H, s), 7.61(1H, d, J=7.9Hz), 7.29(1H. dd. J=7.9. 7.3Hz), 7.08(1H, brs), 
10 7.02(1 H, d, J=7.3Hz), 6.47(1 H, s), 6.11(1H, s), 4.42(2H, s), 3.94(2H, q, J=5.6Hz), 3.87(3H. s) 

Example 5Q7 

Synthesis of 2-(3-(t^owcaitonylamm 

15 

[0084] To a mixture of propionakJehyde (72 uJ), chloroform (1 ml) and 1 ,4-dioxane (1 ml), bromine (52 \*\) was added. 
The reaction mixture was stirred at room temperature for 30 min and then N-(3-(t-butoxycarbonylaminomethyl)phe- 
nyl)thiourea (262 mg), acetone (2 ml) and triethylamine (0.14 ml) were added. The reaction mixture was heated under 
reflux for 3.5 h and concentrated under reduced pressure To the resulting residue, water was added and the resulting 
20 mixture was subjected to extraction with ethyl acetate. The organic layer was washed with a saturated aqueous sodium 
chloride solution, dried with anhydrous sodium sulfate and concentrated under reduced pressure. The resulting residue 
was purified by basic silica gel column chromatography (eluent methylene chloride:methanol = 99 : 1) to give 79.2 mg 
of the titled compound (yield, 27%). 

25 1 H-NMR(CDCI 3 ) 

6:7.30-7.22(4H, m), 7.17(1H, d. J*7.6Hz), 6.91 (1H, d, J=1.0Hz), 4.94(1 H, brs). 4.30(2H, d. J=5.6Hz). 2.34(3H, d, 
J=1.0Hz), 1.47(9H,s) 

Example 508 

30 

Synthesis of 2-(3-aminomethvlphenvlaminoV5-methvrthiazole 

[0085] A mixture of the compound (73 mg) obtained in Example 507 and trrf luoroacetic acid (5 ml) was stirred at room 
temperature tor 1 h and concentrated under reduced pressure. The resulting residue was purified by basic silica gel col- 
35 umn chromatography (eluent, methylene chloride methanol = 95 : 5) to give 34.5 mg of the titled compound (yield, 
67%). 

1 H-NMR(CDCI 3 ) 

8:7.32-7.28(3H, m) t 7.19(1H, d. J=7.3Hz). 6.97(1H, d, J=7.3Hz), 6.92(1H, d, J=1.0Hz), 3.87(2H, s). 2.35(3H, d. 
40 J=1.0Hz), 1.76(2H,brs) 

Example 509 

Synthesis pf 3-(3-(t-tx^Qxy<*^ 

45 

E xamp le 511 

Synthesis of 2-(3-(di-(t-btJtoxvcart)or^ 

so [0086] To a mixture of 3-(di-(t-butoxycarbonyl)aminomethyl)aniline (200 mg), dimethylaminopyridine (166 mg) and 
methylene chloride (10 ml), thiophosgene (45 jd) was added under ice cooling and the resulting mixture was stirred at 
room temperature for 5 h. The reaction mixture was concentrated under reduced pressure and the resulting residue 
was purified by silica gel column chromatography (eluent, ethyl acetate:n-hexane => 1 : 3) to give N-(3-(di-(t-butoxycar- 
bonyl)aminomethyl)phenyl)isothiocyanate. J 

55 [0087] Amixture of the thus obtained compound (193 mg), 1-azido-propane-2-one (81 mg), triphenylphosphine (217 
mg) and methylene chloride (5 ml) was stirred at room temperature for 15 h and then oxalic acid (1 15 mg) was added 
at room temperature. The reaction mixture was heated under stirring at 60°C for 30 min and concentrated under 
reduced pressure. To the resulting residue, ethyl acetate and a 2 N aqueous sodium hydroxide solution were added. 
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The organic layer was washed with a saturated aqueous sodium chloride solution, dried with anhydrous sodium sulfate 
and concentrated under reduced pressure. The resulting residue was purified by silica gel column chromatography (elu- 
errt, ethyl acetatem-hexane ■ 1 : 10) to give 78 mg of the titled compound (yield. 33%). 

s 1 H-NMR(CDCi3) 

8:1.45(18H. s), 2.25(3H, d, J=1.0Hz), 4.77(2H, s), 6.51(1H, d ( J=1.0Hz), 6.91(1H, d. J=7.6Hz), 7.15(1H, brs), 7.22- 
7.26(1 H, m), 7.25(1 H ( dd, J=7.6, 7.6Hz), 7.40(1 H, d. J=7.6Hz) 

[0088] The procedure of Example 51 1 was repeated using corresponding reagents to give the compounds shown in 
w Table 76. 



Table 76 

15 



Example 


, Aniline 
derivative 


Product 


Spectral data 


5 1 2 


OEt 


Ma 

OEl H 


'H-NMRCCDCI,) 6 1. 43(181 s). 1. 46( 
3R I. J»6. 9Hz). 2. 27 (3H, 4 J-l. 0Hz). 
3. 93C2H. q, J=6. 9Hz) . 4. 88 (2H. s), 

6. 52(lH,d. J=l. 0Hz). 6. 77(lRd, J= 

7. 6Hz). 7. 08(1H. dd. J»7. 6. 7. 6Hz). 
7. 1 9 OH. s). 8. 02OH. d. ;=7. 6Hz) 


5 1 3 


Mi 


Mt 

M* " 


'H-NMR(CDCI,) <J 1. 44(181 s),2. 2l( 
3H. s). 2. 24 (3R s), 4. 82 (2H. s). 6. 48 ( 
IE s). 6. 88(lRd. ;=7. 9Hz). 7. 19 (IE 
dd. J«7. 9. 7. 9Hz). 7. 77 (1H. d. J»7. 9Hz 

) 


5 14 






■H-NWUCDCI,) 0 1. 44(181 s). 2. 23 ( 
3a s). 3. 79 (3a S). 4. 80 (2a s). 6. 46 ( 
ias).6. 81(iad. J=8.9Hz). 6. 97 (ia 
d, J-l. 3Hz). 7. 45 (ia dd. 1=8. 9. 2. 3Hz 
) 



Example 515 

Synthesis qi 2-(3-qminQmethyl)phenyl9mino)-5-methyloxpg|e trrfluorQagelic agio! gait 

[0089] A mixture of the compound (292 mg) obtained in Example 51 1 and trif luoroacetic acid (2 ml) was stirred at 
room temperature for 2 h and concentrated under reduced pressure. The resulting residue was recrystallised from eth- 
anol/ethyl acetate/h-hexane to give 119 mg of the titled compound (38%). 
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1 H-NMR(DMSCVd 6 ) 

5:2.24(3H, s), 3.98(2H, q, J=5.6Hz), 6.59(1 H, s). 7.00(1 H. d, J=7.3Hz), 7.32(1 H, dd, J=7.3, 7.3Hz), 7.53(1 H, d, 
J=7.3Hz), 7.67(1 H, s) t 8.16(3H, brs), 1 0.08(1 H, s) 

[0090] TTie procedure of Example 515 was repeated using corresponding reagents to give the compounds listed in 
Table 77. 

Table 77 



Example 


Reagent 


Product 


Spectral data 


5 1 6 


Mt 

OEt " 


Mt 

i£t B 

CFjCOjH 


'H-NMRvDMSO-d,) 0 1. 37 13H. 1. J-o. 9 
Hz). 2. 24(3H, s),3. 89<2H. q. J=6. 9 
Hz). 4.05<2R*J=S. 6Hz), 6. 63C1H 
s).7. 08(lH.d. 1-7. 9H0.7. 150& 
dd. M. 9. 7.9Hz). 8. 13(lH.d. J*7. 9 
Hz). 8. 18(3Ebrs).9. 33(lRbrs) 


5 1 7 


Mt 

Mt 




'H-NMR(DMS0-d,) 6 2. 22 (3H. s), 2. 23 
(3as).4.05(2aq. J=5. 6Hz). 6.60( 
1H. s).7. 12C1H. d. 1=7. 9Hz).7. 24( 
1H. dd. J»7. 9. 7. 9Hz).7. 7S(lH.d. J» 
7. 9Hz). 8. 18 (3K. brs), 9. 40 (IK brs 
) 


5 18 




CTjCOjH " 


'H-NMROMSO-df) 6 2. 22 (3H. s). 3. 80 
(3H. s). 3. 94(2H a J-5. 6Hz). 6. 55( 
1H. s).7. 02(lH.d. J=8. 9Hz). 7. 54( 
1H. dd. J"8. 9. 2. 3Hz). 7. 59 (1H, d. J= 
2.3Hz).8. 00 (3H, brs). 9.87 OR s) 



Example 523 

Synthesis of 2-(3-aminomethvlDhenYlam inol-3.5^dinitropvridine 

[0091 ] A mixture of 3-aminobenzylamine (696 mg), dimethylaminopyrkJine (674 mg), 3-nitrophenyloxycarbonyl-Wang 
resin (2.85 g; Tetrahedron Lett , Vol, 37, 937 (1 996)) and tetrahydrofuran (60 ml) was stirred at room temperature for 24 
h and then filtered. The resulting resin was washed sequentially with dimethylformamide, water, methanol and methyl- 
ene chloride and then dried under reduced pressure to give 3-aminobenzylaminocarbonyl-Wang resin. 
[0092] A mixture of the thus obtained resin (1 00 mg, 0.071 mol). potassium carbonate (1 00 mg), 2-chloro-3,5-dinitro- 
pyridine (72 mg), palladium (II) acetate (16 mg), diphenylphosphinoferrocene (79 mg) and acetonrtrile (9 ml) was stirred 
under a nitrogen atmosphere at 80°C and then filtered. The resulting resin was washed sequentially with dimethylfor- 
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mamide, water, methanol and methylene chloride, dried under reduced pressure and, after adding trif luoroacetic acid, 
the mixture was stirred at room temperature for 1 h. The reaction mixture was filtered and the filtrate was concentrated 
under reduced pressure. To the resulting residue, water and ethyl acetate were added. The aqueous layer was washed 
with ethyl acetate and concentrated under reduced pressure. The resulting residue was purified with Sep-PaK R Plus 
C18 Cartridges (Waters) to give 1 .7 mg of the titled compound (8%). 

1 H-NMR(CD 3 OD) 

5:4.16(2H, s), 7.350H d, J=7.9Hz), 7.53(1H, dd, J«7.9, 7.9Hz), 7.75(1H, d. J=7.9Hz), 7.80(1H, s), 9.25(1H, d, 
J=2.4Hz). 9.30(1 H. d. J=2.4Hz) 

[0093] The procedure of Example 523 was repeated using corresponding chlorinated derivatives to give the com- 
pounds listed in Tables 78 - 80. 
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Table 78 



1) Pd(OAc)| 

/^k ttN A JL chlorinated KjCO, 

o 



Example 


Chlorinated 
derivative 


Product 


Spectral data 


5 2 4 


NC vS 




'H-NMR(CD,0D)2. 35(3E s), 2. 44(31 s). 
4. 13 (2a s). 6. 78 (1R s). 7. 19-7. 50 (3E 
a). 7. 72 (IE d. J-2. OHz) 


5 2 5 






! H-WMR(CD,0D)4. 18<2E s), 7. 33-7. 46(4 
a n). 7. 51 (IE d. M. 6Hz), 7. 64 (IE dd. 
J=7.6,7.6Hz),8. 45UE4 J=5. OHz) 


5 2 6 


XT" 


H 


f H-NMR(CD,0D) 4. 17(2R $). 7. 29 (IE d. J a 
8. 7Hz). 7. 34(1E d. J«7. 6Hz), 7. 39(1E 
s). 7. 53 (IE 4 J=7. 6Hz). 7. 64 (IE dd. J- 

7. 6. 7. 6Hz). 8. 04 (IE dd, J=8. 7, 2. OHz), 

8. 61 (IE d. J=2. OHz) 


5 2 7 


CO,Et 

"A 




•H-NMR^OD) I. 47 (3R I, J a 7. 3Hz). 2. 56 
(3E s).4. 14(2H.s).4. 48(2R Q, J a 7. 3 
Hi). 7. 27 (IE d, J»7. 9Hz). 7. 30 (IE s), 
.7. 46(1E dd. J=7. 9. 7. 9Hz).7.74(lE s). 
7. 7S(lEd. J=7. 9Hz) 


5 2 8 




COjH 


, H-NMi(CD,0D)4. 12(2E 1). 7. 02-7. 12( 
2E b). 7. 26(IE d. J=5. 2Hz), 7. 37-7. 42 
(2E a), 7. 81 (IE s). 8. 18 (IE d, J*5. 2 
Hz) 



i 



99 



EP 0 949 242 A1 



Table 79 



Example 


Chlorinated 
derivative 


Product 


Spectral data 


5 2 9 


XT 




'H-NMR(CD 5 0D)4. 15C2H. $), 6. 87UR d. J = 
o iv z \ 7 A u? mt) 7 43(1H 

dd. J=7. 4. 6. 9Hz), 7. S3 OR d. 1*6. 9Hz). 

7. 98 0R s). 8. 11(11 J«8. 7. 2. 1Hz). 

8. 81 OR d. J-2. 1Hz) 


5 3 0 


ClyyCO|H 




'IHOflUCDjODK 16(2R s), 7. 22 OR d. J* 
7. 9Hi). 7. 470R dd J»7. 9. 7. 9Hz). 7. 65 
OR d. J=7. 9Hz). 7. 920R s), 8. 22 (IR 
d. J«2,OHz).8. 690Rd. J-2. 0Hz) 


5 3 1 


K 

a n hu 


CO,H 


'H-NMR(CD,0D)2. 49 (3R i)\ 4. 12(2R s), 
7. 05OR d. J-6. 2Hz). 7. 15 OR s). 7. 25 
OR s). 7. 38-7. 42 (2R 10,7.72 OR s) 


5 3 2 


XX 




'H-NMR(CD 3 0D)4. 14(2R $),6. 820R 1 1- 

(2R n) t 8.02ORs). 8. 11 OR dd. J=8. 9; 
1 0Hz),8.78OR4 J»l 0Hz) 


5 3 3 




H CONH, 


'H-NMR(CD,00)2. 50 (3R s). 4. 12(2R 5). 

6. 84 OR d. J*7. 6Hz). 7. 20 OR d, 1*7. 0 
Hz). 7. 40(IR dd. 1=7. 0. 7. 0Hz). 7. 74- 

7. 80 (2R B),7. 87 OR d, J 3 7. 6Hz) 


534 


HjNOCyyO 


H CONH, 


'H-NMRCCDjOD) 4. 15 (2R 5). 7. 21 OR d. I- 
7. 6Hz),7. 460Rdd. J=7. 6, 7. 6Hz).7. 61 
ORd.J*7. 8Hx).7.75(lR s).8.1l(lH. 
d. J=2. 6Hz).8.35(lRd. !■!. 6Hz) 



/ 
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Table 80 



Example 


Chlorinated 
derivative 


Product 


Spectral data 


5 3 S 


CONHi 


. CONHj 

H 


'H-NMRtCDjOD) 4. 00 (3H. s). 4. I2(2E s). 

0* 30 Villi U, J ~ I . Ulli / , U. OI Milt U, J "* I . V 

Hz). 7. 09(iad, J»6. 9Hz).7. 37-7. 43( 
lUn). 7. 53 (1H. i J =6. 9Hz), 7. 83 (1H. s) 


5 3 6 




™ CONH, 


'H-NMR(CD,0D)4. 15 (2H. j). 6. 83-6. 89 ( 
1H. n). 6. 96 (IE dd, J=7. 6, 3. 9Hij, 7. 21 
(IH d. J»7. 6Hz). 7. 46 (ta dd. J=7. 6. 7. 6 
Hz), 7. 62 0H. d. J»7. 6Hz), 7. 76(111 s). 
8. 02 (IE dd. J =7. 6. 1. 6Hi), S. 37 (IE dd. 
J*3. 9. 1. 6Bz) 


5 3 7 






'H-NMR(CD,0D)4. 12 (2R s). 6. 82 QR d. J= 
9. 0Hz). 7. 08 (11 d. 1-7. 6Hz). 7. 38 (IH, 
dd. 1«7. 6. 7. 6Hz). 7. S0(ia d. 1=7. 6Hz). 

7. 71 (ia dd. J-9. 0. 2. 3Hz). 7. 90(ia »). 

8. 22<lRd. J»2. 3Hz> 


5 3 8 




H 


'H-NMR(CD,0D)4. 13(2R s). 7. 16C1H. d. /« 
7. 6Hz). 7. 43 (ia dd. J«7. 6. 7. 6Hz). 7. 64 
(ia d. J=7. 6Hz). 7. 84 (ia s). 7. 87 (ia 
d. J«2. 3Hz). 8. 10(ia d. J=2. 3Hz) 


5 3 9 






'H-NMR (00,00)2. 48 (3H. s). 4. 13 (2a s). 

6. 72-6. 80 (2H. b),7. 35-7. 42 (IH. a). 

7. 44(ia s). 7. 51-7. 60 (ia n). 7. 68(ia 
dd. W. 9. 7. 9Hz). 7. 74 (ia s) 



[0094] Several compounds used in the reactions described above are novel and the methods of synthesizing these 
compounds are described below as Examples 25e, 41 7e, 500b, 51 9e, 520d, 538e and 542a. 
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Exqmple 2$e, 

Synthesis of 2-(5-amino-2-ethvfphenvlV2^^ 
5 [Example 25a] 

Synthesis of 3-cyanomethvl-4-eth vlnrtrobenzene 

[0095] To a mixture of 3-chloromethyl-4-ethytnitrobenzene (4.0 g) and dimethyl sulfoxide (50 ml), sodium cyanide (982 
10 mg) was added. The reaction mixture was stirred at room temperature for 3 h and then ethyl acetate, n-hexane and 
water were added. The organic layer was washed with a saturated aqueous sodium chloride solution, dried with anhy- 
drous sodium sulfate and concentrated under reduced pressure to give the titled compound quantitatively. 

1 H-NMR(CDCl3) 

15 5:1.33(3H, t, J=7.6Hz), 2.78{2H ( q. J=7.6Hz), 3.80(2H, s), 7.44(1H, d, J=8.6Hz), 8.18(1H, dd, J=8.6, 2.3Hz), 
8.35(1 H, d, J=2.3Hz) 

[Example 25b] 

20 Synthesis of 2-cvano-2-(2-ethvl-5*nitrophenvnindane 

[0096] To a mixture of the compound (3.0 g) obtained in Example 25a, a,a'<Jichloro-o-xylene (4.15 g) and dimethyl 
sulfoxide (200 ml), potassium t-butoxide (3.55 g) was added and after stirring the resulting mixture at room temperature 
for 3h, ethyl acetate and water were added. The organic layer was washed with a saturated aqueous sodium chloride 
25 solution, dried with anhydrous sodium sulfate and concentrated under reduced pressure to give the titled compound 
(1.36 g) (yield, 29%). 

1 H-NMR(CDCl3) 

5:1.45(3H, t, J=7.6Hz), 3.11(2H, q, J=>7.6Hz), 3.61(2H, d, J=15.5Hz), 3.91(2H, d, J=15.5Hz), 7.25-7.33(4H, m), 
30 7.53(1H, d, J=9.2Hz), 8.12-8.16(2H, m) 

[Example 25c] 

Synthesis of 2-(2-ethyl-5-nitrophe ny1)-2-indaneamid6 

35 

[0097] To a mixture of the compound (1.16 g) obtained in Example 25b and acetic acid (1 0 ml) , water (2 ml) and con- 
centrated sulfuric acid (20 ml) were added sequentially. The reaction mixture was heated under reflux for 13 h, cooled, 
put into ice water and subjected to extraction with ethyl acetate. The organic layer was washed with a saturated aque- 
ous sodium chloride solution, dried with anhydrous sodium sulfate and concentrated under reduced pressure to give 
40 the titled compound (870 mg) (yield, 71%). 

1 H-NMR(CDCl3) 

5:1.35(3H, t. J=7.6Hz), 2.82(2H, q, J=7.6Hz), 3.36(2H, d, J=15.9Hz), 3.95(2H, d, J=15.9Hz), 5.13(1H, brs), 
5.43(1 H, brs), 7.15-7.25(4H. m). 7.49(1 H, d. J=8.3Hz), 8.08(1 H, dd. J=8.3. 2.3Hz), 8.17(1H, d, J=2.3Hz) 

45 

[Example 25d] 

Synthesis of 2-(t-biitoxvcarbonvlam 

so [0098] To a mixture of the compound (815 mg) obtained in Example 25c and t-butanol (12 ml), lead tetracetate (1 .40 
g) was added. The reaction mixture was heated under reflux for 3 h, cooled and, after adding water, subjected to extrac- 
tion with ethyl acetate-ethylene glycol. The organic layer was washed with water, dried with anhydrous sodium sulfate 
and concentrated under reduced pressure. The resulting residue was purified by silica gel column chromatography (elu- 
ent, chloroform) to give the titled compound (620 mg) (yield, 62%). 

55 

1 H-NMR(CDCl3) 

8:1.30(3H, t. J=7.6Hz), 1.31(9H, s), 2.93(2H, q, J=7.6Hz), 3.55(2H, d. J=15.9Hz), 3.63(2H, d, J=15.9Hz), 5.18(1H, 
s), 7.20-7.29(4H, m), 7.40(1 H, d. J=8.6Hz), 8.05(1 H, dd, J=8.6. 2.3Hz), 8.32(2H, d, J=2.3Hz) 
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[Example 25e] 

Synthesis of 2-(5-amin(^2-ethvlPhenvl^2-rt^ oxvra^bonvtam^no)indane 

5 [0099] Using the compound obtained in Example 25d as a starting material, the procedure of Example 3 was 
repeated to give the titled compound (yield, 97%). 

1 H-NMR(CDCI 3 ) 

8:1.23(3H, t, J=7.6Hz). 1.30(9H, s), 2.74(2H, q, J=7.6Hz), 3.48-3.67(6H, m), 5.02(1 H, s), 6.56(1 H f dd, J=8.3, 
w 2.3Hz), 6.74(1 H, d, J=2.3Hz), 7.03(1 H, d. J=8.3Hz), 7.15-7.24(4H, m) 

Example 41 7e 

S ynthesis of N-(3-amino-2-ettoxypheriylmethyl)ir^^ di-t-butyl ester 

15 

[Example 417a] 

Synthesis of 2-etrpxv-3-nitrobenzoic acid etfivf ester 

20 [0100] To a mixture of 3-nitrosalicylic acid (5.0 g), ethyl iodide (1 1 ml) and dimethyfformamide (200 ml), potassium 
carbonate (9.4 g) was added. The reaction mixture was stirred at 60°C for 4.5 h and, after adding water, subjected to 
extraction with ethyl acetate. The organic layer was washed with a saturated aqueous sodium chloride solution, dried 
with anhydrous sulfate and concentrated under reduced pressure. The resulting residue was purified by silica gel col- 
umn chromatography (eluent, ethyl acetate:n-hexane = 1 : 1) to give 5.66 g of the titled compound (yield, 87%). 

25 

1 H-NMR(CDCI 3 ) 

5:8.01(1H, dd, J=7.9, 1.7Hz), 7.89(1H, dd, J=7.9. 1.7Hz), 7.26(1 H, dd. J=7.9, 7.9Hz), 4.42(2H t q, J=7.3Hz), 
4.18(2H, q. J=6.9Hz), 1.43(3H, t, J=6.9Hz). 1.42(3H, t, J=7.3Hz) 

30 [Example 417b] 

Synthesis of 2-ethvoxv-3-nitroben zyl alcohol 

[01 01 ] To a mixture of the compound (1 1 7 mg) obtained in Example 41 7a, tetrahydrofuran (5 ml) and methanol (2 ml), 
35 lithium borohydride (10.7 mg) was added. Trie reaction mixture was stirred at room temperature for 15 h, and, after 
addition of water, concentrated under reduced pressure. To the resulting residue, 2 N HQ was added and the mixture 
was subjected to extraction with ethyl acetate. The organic layer was washed with a saturated aqueous sodium chloride 
solution, dried with anhydrous sodium sulfate and concentrated under reduced pressure. The resulting residue was 
purified by silica gel column chromatography (eluent, ethyl acetate=n-hexane =1 : 2) to give the titled compound quan- 
go titatively. 

1 H-NMR(CDCI 3 ) 

5:7.77(1 H, d, J=7.9Hz), 7.67(1 H, d, J=7.3Hz), 7.22(1 H, dd, J=7.9, 7.3Hz). 4.80(2H, s), 4.08(2H, q, J=6.8Hz), 
2.10(1 H, brs), 1.44(3H. t. J=6.8Hz) 

45 

[Example 417c] 

Synthesis pf 2-etfroxv-3-nifrQfrenzy1 frQmflg 

so [01 02] To a mixture of the compound (3. 1 3 g) obtained in Example 41 7b, carbon tetrabromide (5.26 g) and methylene 
chloride (100 ml), triphenylphosphine (4.16 g) was added under ice cooling. The reaction mixture was stirred under ice 
cooling for 30 min and concentrated under reduced pressure. The resulting residue was purified by silica gel column 
chromatography (eluent, ethyl acetate: n-hexane =1:9) to give 3.59 g of the titled compound (yield, 87%). 

55 1 H-NMR(CDCI 3 ) 

6:7.78(1 H, dd, J=7.9, 1.7Hz) ( 7.65(1 H, dd, J=7.6, 1.7Hz), 7.20(1 H. dd, J=7.9, 7.6Hz), 4.57(2H, s), 4.17(2H, q, 
J=6.9Hz), 1.49(3H, t, J=6.9Hz) 
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[Example 41 7d] 

Synthesis of N^2-ethQxv^-nitrophenvlmethvi)iminodicartx)XYlic acid di-t-hutyl ester 

5 [0103] A mixture of iminodicarboxylic acid di-t-butyl ester (3.23 g), dimethylformamide (50 ml) and sodium hydride 
(0.57 g) was stirred under ice cooling for 1 h and then a mixture of the compound (3.51 g) obtained in Example 417c 
and dimethylformamide (20 ml) was added under ice cooling. The reaction mixture was stirred at room temperature for 
14 h and, after addition of 2 N HCI, subjected to extraction with ethyl acetate. The organic layer was washed with a sat- 
urated aqueous sodium chloride solution, dried with anhydrous sodium sulfate and concentrated under reduced pres- 
to sure. The resulting residue was purified by silica gel column chromatography (eluent, ethyl acetate:n-hexane = 1 : 9) to 
give 5.09 g of the titled compound (yield, 95%). 

1 H-NMR(CDCl3) 

5:7.72(1H, dd, J=7.9, 1.3Hz). 7.38(1H, dd. J=7.3, 1.3Hz). 7.17(1K. dd, J=7.9, 7.3Hz), 4.91(2H, s), 4.06(2H, q, 
15 J=6.9Hz), 1 .45(1 8H, s). 1 .44(3H, t, J=6.9Hz) 

[Example 41 7e] 

Synthesis of N^S-aminc-g-qthowM art* tf-t-frMtYl osfcr 

20 

[0104] To a mixture of the compound (5.09 g) obtained in Example 41 7d, nickel (II) chloride hexahydrate (61 mg) and 
methanol (130 ml), sodium borohydride (1.46 g) was added. The reaction mixture was stirred at room temperature for 
20 min and, after addition of 2 N HCI, adjusted to pH 6 with a saturated aqueous sodium hydrogencarbonate solution 
and then concentrated under reduced pressure. To the resulting residue, water was added and the mixture was sub- 
25 jected to extraction with ethyl acetate. The organic layer was washed with a saturated aqueous sodium chloride solu- 
tion, dried with anhydrous sodium sulfate and concentrated under reduced pressure. The resulting residue was purified 
by silica gel column chromatography (eluent ethyl acetate:n-hexane = 1 : 4) to give the titled compound (yield, 85%). 

1 H-NMR(CDCl3) 

30 6:6.86(1 H, dd. J=7.9, 7.6Hz), 6.63(1 H, dd, J=7.6, 1.0Hz), 6.53(1 H, dd, J=7.9. 1.0Hz), 4.85(2H, s), 3.90(2H, q, 
J=6.9Hz), 3.74(2H, brs). 1.43(18H, s) ( 1.41(3H, t, J«6.9Hz) 

Example 500b 

35 Synthesis of N-(5-aminch2-(pvf^ol^1 -vH phenyl methvl^carbamic acid t-butyl ester 
[Example 500a] 

Synthesis of N-(5-nitro-2-fDvrazole-1-vnphenvlmethvnimincdicarboxvlic acid di-t-butvl ester 

40 

[0105] To a mixture of pyrazole (1.0 g) and dimethylsulfbxide (50 ml), sodium hydride(0.54 g) was added under ice 
cooling. The reaction mixture was stirred under ice cooling for 1 h and then a solution of N-(2-fluoro*5-nitrophenylme- 
thyl)iminodicarboxylic acid di-t-butyl ester (5.0 g) in dimethyl sulfoxide (50 ml) was added. The reaction mixture was 
stirred at room temperature for 15 h and, after addition of water, subjected to extraction with ethyl acetate. The organic 
45 layer was washed with a saturated aqueous sodium chloride solution, dried with anhydrous sodium sulfate and concen- 
trated under reduced pressure. The resulting residue was purified by silica gel column chromatography (eluent, ethyl 
acetate:n-hexane = 1 : 4) to give the titled compound (yield, 73%). 

1 H-NMR(CDCl3) 

so 8:8.22-8. 19(2H, m), 7.79-7.78(2H, m), 7.50(1 H, d, J*9.6Hz), 6.53(1 H, dd, J=2.3, 2.0Hz). 4.95(2H, s), 1.46(18H, s) 
[Example 500b] 

Synthesis of N-(5-amino-2-(pyrazole-1-yl)phenvlmethyllcarbamic acid t-butvl ester 

55 

[0106] To a mixture of the compound (4.15 g) obtained in Example 500a, nickel (II) chloride hexahydrate (0.183 g) 
and methanol (300 ml), sodium borohydride (2.43 g) was added. The reaction mixture was stirred at room temperature 
for 55 min; thereafter, 2 N HCI was added to render the reaction solution acidic and then a saturated aqueous sodium 



104 



EP 0 949 242 A1 



hydrogencarbonate solution was added to render the reaction solution basic; subsequently, the reaction mixture was 
concentrated under reduced pressure. To the resulting residue, water was added and the resulting mixture was sub- 
jected to extraction with ethyl acetate. The organic layer was washed with a saturated aqueous sodium chloride solu- 
tion, dried with anhydrous sodium sulfate and concentrated under reduced pressure. The resulting residue was 
5 recrystallized from ethyl acetate/n-hexane to give the titled compound (yield, 89%). 

1 H-NMR(CDCI 3 ) 

8:7.69(1 K d, J=1.3Hz), 7.57(1 H, d, J=2.0Hz), 7.06(1 H, d, J=8.3Hz), 6.86-6.83(1 K m), 6.60(1 H, dd, J=8.3, 2.3Hz), 
6.41(1H, dd. J=2.0, 1.3Hz), 5.62(1H, brs). 4.01(2H. d, J=6.6Hz) ( 3.82(2H, brs), 1.43(9H. s) 

10 

Example 51 9e 

Synthesis Qf 3^t-frutQxycajtMnylamro^ 
is [Example 519a] 

Synthesis Qf §^rQmQ-4-chlorq-2-f iMQrQPftrQbenz^^ 

[0107] To a mixture of 4-chloro-2-f luoronitrobenzene (1 .00 g), silver sulfate (1 .95 g) and concentrated sulfuric acid (5 
20 ml), bromine (0.32 ml) was added under ice cooling and the resulting mixture was stirred at 0°C tor 30 min, then at room 
temperature for 1 h. The reaction mixture was put into ice water and subjected to extraction with ether. The organic layer 
was washed with water, a saturated aqueous sodium hydrogencarbonate solution and a saturated aqueous sodium 
chloride solution sequentially, dried with anhydrous sodium sulfate and concentrated under reduced pressure to give 
1 .38 g of the titled compound (yield, 95%). 

25 

1 H-NMR(CDCI 3 ) 

6:7.47(1 H, d, J=9.9Hz), 8.37(1 H. d, J=7.3Hz) 
[Example 519b] 

30 

gynth^isQfS^rprTK?^ 

[0108] A mixture of the compound (204 mg) obtained in Example 519a, N-hydrQxymethyl-2,2,2-trifluoroacetamide 
(1 15 mg) and 10% fuming sulfuric acid (1 .6 ml) was stirred at 80°C tor 10 h. The reaction mixture was cooled, put into 
35 ice water and subjected to extraction with ether. The organic layer was washed with water and a saturated aqueous 
sodium chloride solution sequentially, then dried with anhydrous sodium sulfate and concentrated under reduced pres- 
sure. 

[0109] The resulting residue was purified by silica gel column chromatography (eluent, ethyl acetate:n-hexane = 1 : 
3) to give 85.1 mg of the titled compound (yield, 28%). 

40 

1 H-NMR(CDCI 3 ) 

5:4.86(2H, d, J=4.0Hz), 6.73(1 H, brt), 8.39(1 H, d, J=7.3Hz) 
[Example 519c] 

45 

Synthesis of 5-bromo-3-(t-butoxycarbonylaminomethyl)-4-chloro-2-f luoronitrobenzene 

[01 10] A mixture of the compound (601 mg) obtained in Example 51 9b, concentrated sulfuric acid (3 ml) and methanol 
(12 ml) was heated under reflux for 1 h. The reaction mixture was concentrated under reduced pressure and, after being 

so rendered basic by addition of a 2 N aqueous sodium hydroxide solution, it was subjected to extraction with methylene 
chloride (20 ml). To the organic layer, di-t-butyl dicarbonate (414 mg) and a 2 N aqueous sodium hydroxide solution (10 
ml) were added at room temperature and the resulting mixture was stirred at room temperature for 2 h. The organic 
layer was washed with water and a saturated aqueous sodium chloride solution sequentially, then dried with anhydrous 
sodium sulfate and concentrated under reduced pressure. The resulting residue was purified by silica gel column chro- 

55 matography (eluent chloroform) to give 402 mg of the titled compound (yield, 66%). 

1 H-NMR(CDCI 3 ) 

5:1.44(9H t s), 4.57-4.66(2H. m), 5.01(1H, brt), 8.31(1H, d, J=7.6Hz) 
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[Example 51 9d] 

Synthesis of 5-bromo^-ft-butoxycar^^ 

[01 1 1 ] To a mixture of the compound (200 mg) obtained in Example 51 9c, ethanol (36 uO and tetrahydrof uran (5 ml), 
sodium hydride (content 60%; 25 mg) was added under ice cooling. The reaction mixture was stirred at 0°C for 2 h and 
then water and ether were added. The organic layer was washed with water and a saturated aqueous sodium chloride 
solution sequentially, then dried with anhydrous sodium sulfate and concentrated under reduced pressure. The result- 
ing residue was purified by silica gel column chromatography (eluent ethyl acetate :n-hexane = 1 : 4) to give 197 mg of 
the titled compound (yield, 92%). 

1 H-NMR(CDCl3) 

5:1.45(9H, s), 1.47(3H, t. J=6.9Hz), 4.08(2H, q, J=6.9Hz), 4.62(2H, d, J*5.9Hz), 4.93(1H, brt), 8.10(1H, s) 
[Example 51 9e] 

Synthesis Q* 3-frt^Qxycart^ 

[0112] Using the compound obtained in Example 51 9d as a starting material, the procedure of Example 3 was 
repeated to give the titled compound (86%). 

1 H-NMR(DCDl3) 

8:1.44(3H, t. J=7.3Hz), 1.45(9H, s), 3.78(2H, brs), 3.92(2H, q, J=7.3Hz), 4.47(2H, d. J=5.3Hz), 4.91(1H, brt), 
6.63(1 H, d. J=8.3Hz). 6.94(1 H. d. J=8.3Hz) 

Example $2(M 

Synthesis of 3-(t^Qxycartonyiamiro^ 
[Example 520a] 

Synthesis of 3-methyl-frnitiv-3-(tr^ 

[0113] Using 5-methyt-2-nitrophenol as a starting material, the procedure of Example 545b was repeated to give the 
titled compound (16%). 

1 H-NMR(CDCl3) 

6:2.57(3H, s), 4.67(2H, d, J=6.3Hz), 6.89(1H, d, J=8.6Hz), 7.00(1H, brs), 8.00(1H, d, J=8.6Hz), 1 1.23(1H, s) 
[Example 520b] 

Synthesis of 2-(t-butoxycarbonylaminomethyl)-4-methyl-6-nitrophenol 

[0114] A mixture of the compound (100 mg) obtained in Example 520a, potassium carbonate (99.4 mg), water (1 .0 
ml) and methanol (6.0 ml) was stirred at room temperature for 3 h and then di-t-butyl dicarbonate (1 57 mg) was added. 
The reaction mixture was stirred at room temperature for 30 min and concentrated under reduced pressure. To the 
resulting residue, a saturated aqueous sodium chloride solution was added and the mixture was subjected to extraction 
with ethyl acetate. The organic layer was dried with anhydrous sodium sulfate and concentrated under reduced pres- 
sure. The resulting residue was purified by silica gel column chromatography (eluent, ethyl acetate:n-hexane = 3:17) 
to give the titled compound (yield, 70%). 

1 H-NMR(CDCI 3 ) 

5:1.43(9H,s), 2.55(3H, s), 4.44{2H, d, J=6.3Hz), 5.17(1H, brs), 6.82(1 H, d, J*=8.6Hz), 7.94(1 H, d, J=8.6Hz), 
11.11(1H,s) ' 
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[Example 520c] 

Synthesis of 3^t-butoxvcartx)r^ 

[0115] A mixture of the compound (350 mg) obtained in Example 520b, cesium carbonate (404 mg), dimethyfforma- 
mide (15 ml) and ethyl iodide (0.4 ml) was stirred at 60°C for 2 h. To the reaction mixture, ethyl acetate and water were 
added. The organic layer was washed with a saturated aqueous sodium chloride solution, dried with anhydrous sodium 
sulfate and concentrated under reduced pressure. The resulting residue was purified by silica gel column chromatog- 
raphy (eluent, ethyl acetate:n-hexane = 2 : 8) to give the titled compound quantitatively. 

1 H-NMR(CDCI 3 ) 

5:1.44(9H, s). 1.48(3H, t, J=6.9Hz), 2.49(3H, s), 4.03(2H, q, J=6.9Hz), 4.41 (2H. d, J=5.6Hz) ( 4.86(1 H, brs), 
7.03(1H, d, J=8.6Hz), 7.72(1 H, d, J=8.6Hz) 

[Example 520cQ 

Synthesis gf 3-(t-butQxyrartx?^ 

[0116] Using the compound obtained in Example 520c as a starting material, the procedure of Example 3 was 
repeated to give the titled compound (92%). 

1 H-NMR(CDCI 3 ) 

S:1.43(3H. t, J=6.9Hz), 1.44(9H, s), 2.26(3H, s), 3.61 (2H, brs), 3.89(2H, q, J=6.9Hz), 4.34(2H, d, J=5.3Hz), 
4.70(1 H, brs), 6.61 (1H. d. J=7.9Hz), 6.75(1 H, d, J=7.9Hz) 

Example $3Qe 

Synthesis of N-(3^mino-2Kni?rcH>Qxy)ph acid di-t-butyl ester 

[Example 538a] 

Synthesis of 3-nitro-2-(n-propoxv)benzoic acid n-orcoyl ester 

[0117] Using 3-nrtrosalicylic acid as a starting material and also using n-propyl iodide as a reagent, the procedure of 
Example 41 7a was repeated to give the titled compound (yield, 29%). 

1 H-NMR(CDCI 3 ) 

5:7.98(1H, dd, J=7.6, 1.7Hz) f 7,87(1H, dd, J=7.9, 1.7Hz), 7.24(1H, dd f J«7.9, 7.6Hz), 4.31(2H, t, J=6.9Hz), 
4.05(2H, t, J=6.9Hz), 1.90-1 .71 (4H, m) t 1 .08-0.97(6H, m) 

[Example 538b] 

Synthesis pf 3Hiitrp-2-(n-prpppxy)frenzyt ajpphpl 

[0118] Using the compound obtained in Example 538a as a starting material, the procedure of Example 417b was 
repeated to give the titled compound (yield, 70%). 

1 H-NMR(CDCI 3 ) 

5:7.76(1H, dd, J=8.3. 1.3Hz), 7.68(1H, dd, J=7.3, 1.3Hz). 7.21(1H, dd. J=8.3, 7.3Hz), 4.80(2H, s), 3.96(2H. t. 
J^6.9Hz), 2.13(1H, brs), 1.91-1.77(2H, m), 1.04(3H, t, J=7.3Hz) 

[Example 538c] 

Synthesis pf 3-nitrq-2-(p-prpppxy)benzyl brpmfle 

[0119] Using the compound obtained in Example 538b as a starting material, the procedure of Example 417c was 
repeated to give the titled compound (yield, 95%). 
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1 H-NMR(CDCl3) 

6:7.77(1H, dd, J=7.9, 1.3Hz), 7.64(1H, dd, J=7.9, 1.3Hz), 7.19(1H, dd, J=7.9, 7.9Hz), 4.57(2H s), 4.05(2H, t. 
J=6.6Hz), 1.96-1 .83(2H, m), 1.07(3H, t. J=7.3Hz) 

[Example 538d] 

Synthesis of N-(3-nitfo-2-(rwopo^ acid di-t-butvl ester 

[0120] Using the compound obtained in Example 538c as a starting materia], the procedure of Example 41 7d was 
repeated to give the titled compound (yield, 62%). 

1 H-NMR(CDCl3) 

5:7.70(1 H, dd, J=7.9, 1.3Hz), 7.37(1 H, dd, J=7.9, 1.3Hz), 7.16(1H, dd, J»7.9, 7.9Hz), 4.91 (2H, s), 3.94(2H, t, 
J=6.6Hz). 1.91-1 ,80(2H, m), 1.45(18H, s), 1.05(3H, t J=7.3Hz) ^ " 

[Example 538e] 

Synthesis of N-(3-amino-2-mH3roooxv^Dhen vlmeth^Mminodicarboxvlte acid di-t-butvl ester 

[0121] Using the compound obtained in Example 538d as a starting material, the procedure of Example 41 7e was 
repeated to give the titled compound quantitatively. 

1 H-NMR(CDCl3) 

8:6.86(1 H. dd, J=7.9, 7.6Hz), 6.63(1 H, d, J=»7.9Hz), 6.52(1 H, d. J=7.6Hz). 4.85(2H, s), 3.78(2H, t, J=6.6Hz), 
3.74(2H, brs), 1 .89-1 .75(2H, m), 1.43(18H, s), 1.07(3H, t, J=7.3Hz) 

Example $4?a 

Synthesis of N-(3-amino-2-(i-rxopcxv)Dh^ acid di-t-butvl ester 

[0122] Using 3-nitrosalicylic acid as a staring material and also using i-propyl iodide as a reagent, the procedures of 
Examples 417a-41 7e were repeated to give the titled compound. 

1 H-NMR(CDCl3) 

5:6.85(1H, dd, J=7.9, 7.6Hz), 6.62(1H, d. J=7.6Hz), 6.53(1H, d, Jo7.9Hz), 4.83(2H, s). 4.26-4.15(1H, m), 3.69(2H, 
brs), 1.42 (18H, s), 1.31(6H, d, J=6.3Hz) 

Test Examples 
Test Example 1 

[0123] Compounds of the invention were evaluated for their inhibitory effect on the presently known three NOS iso- 
forms. 

[0124] Crude enzymes of the respective NOS isoforms were prepared by the following procedures (Nagafuji et at., 
Neuroreport 6. 1541 - 1545. 1995). 

[01 25] The crude enzyme of nNOS was prepared by the following procedure. Normal untreated male Sprague Dawley 
(SD) rats (body weight, 300 - 400 g) were decapitated; the whole brain was immediately taken out from each animal 
and the cerebral cortex was separated on ice. Then, 5 volumes of 50 mM Tris-HCI containing 1 mM DTT (pH 7.4) was 
added and the mixture was homogenized for 3 min and centrifuged at 1 ,000 x g for 10 min. The resulting supernatant 
was further centrifuged at 100,000 x g for 60 min and a soluble cytosolic fraction of the finally obtained supernatant was 
used as the crude enzyme of nNOS. 

[0126] The crude enzyme of iNOS was prepared by the following procedure. Rats were administered LPS (1 0 mg/kg) 
intraperrtoneally and, 6 h later, perfused in a transcardiac manner with physiological saline containing 10 U/ml of 
heparin; thereafter, lungs were taken out. Subsequently,! 5 volumes of 50 mM Tris-HCI containing 1 mM DTT (pH 7.4) 
was added and the mixture was homogenized for 3 min, followed by cerrtrifugation of the homogenate at 1 ,000 x g for 
1 0 min. The resulting supernatant was centrifuged at 1 00,000 x g for 60 min and a soluble cytosolic fraction of the finally 
obtained supernatant was used as the crude enzyme of iNOS. 

[0127] The crude enzyme of eNOS was prepared by the following procedure. Cow pulmonary arterial endothelium 
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cells (CPAE) were cultured in a MEM medium containing 20% FBS. Several days later, the cells were detached from 
the flask using a 0.25% trypsin solution containing 1 mM EDTA and, after addition of a suitable amount of FBS. centri- 
f uged at 1 ,000 rpm for 1 0 min. A suitable amount of Ca- and Mg-free phosphate buffer (pH 7.4) was added to the pre- 
cipitating cells and they were centrifuged at 1 ,000 rpm for 10 min. The same step was repeated to wash the cells which, 
5 upon addition of 50 mM Tris-HQ (pH 7.4) containing 1% Triton X-100 and 1 mM DTT, were left to stand in ice for 1 h. 
Subsequently, the mixture was homogenized for 3 min and kept in ice for 30 min with occasional stirring. Finally, the 
mixture was centrifuged at 100,000 x g for 60 min and the resulting supernatant was used as the crude enzyme of 
eNOS. 

[0128] The method of measuring NOS activity was basically the same as already reported by the present inventors 
10 and consisted of determining quantitatively the conversion of a substrate L-[ 3 H]arginine to a reaction product L-[ 3 H] crt- 
rulline (Nagafuji et al., in Brain Edema IX (Ito et al, eds.) 60, pp. 285 - 288, 1994; Nagafuji et a!., Neuroreport 6. 1541 - 
1545, 1995) 

[0129] The reaction solution consisted of 100 nM L-[ 3 H] arginine. a prepared crude NOS enzyme sample (10-30 
jig/ml protein), 1.25 mM CaCI 2 , 1 mM EDTA, 10 ug/ml calmodulin. rmM NADPH, 100 uM tetrahydrobiopterine, 10 pM 
is FAD, 10 uM FMN and 50 mM Tris-HCI (pH 7.4), to which one of the compounds of the invention or one of the control 
compounds was added. 

[0130] The reaction was started by addition of L-[ 3 H] arginine. After incubation at 37°C for 10 min, the reaction was 
terminated by addition of 2 ml of 50 mM Tris-HCI {pH 5.5) containing 1 mM EDTA and placing the mixture on ice. The 
reaction solution was passed through a cation-exchange resin column (Dowex AG50WX-8, Na + form, 3.2 ml) to sepa- 

20 rate the reaction product L-pH] crtrulline from the unreacted residual substrate L-[ 3 H] arginine. The eluate was com- 
bined with another eluate resulting from the passage of a given amount of distilled water through the column and put 
into a miniviaJ for recovery of L-[ 3 H] crtrulline. Thereafter, a scintillation fluid was added and the contained radioactivity 
was measured with a liquid scintillation counter to determine the amount of L-{ 3 H] crtrulline. 
[0131] The activity of nNOS or eNOS was determined by subtracting the activity detected in the absence of CaCI 2 

25 and calmodulin from the activity detected in the presence of CaC! 2 and calmodulin. The activity of iNOS was detected 
in the absence of CaCI 2 and calmodulin. The protein concentration of each crude enzyme sample was determined with 
a micro-assay kit of Bio Rad Co. Each Experiment was conducted in a duplicate. 

[0132] Table 81 lists the mean values of IC 50 (the concentration necessary to inhibit 50% activity) of all test com- 
pounds against each NOS isoform. The table also lists the ratios of IC50 values to each other as an index of selectivity. 

30 



Table 81 



Inhibitory Action and Selectivity of Test Compounds against Three NOS Isoforms 


Example No. or Control 
Compound 


Inhibitory action 


Selectivity 




nNOS 


ICsofnM) iNOS 


eNOS 


iNOS/nNOS 


eNOS/nNOS 


eNOS/iNOS 


18 


22.6 


916.7 


322.4 


41 


14 


0.14 


52 


79.8 


N.Q 


1476.7 




19 




53 


86.1 


N.D. 


6624.3 




77 




57 


70.8 


N.D. 


947.4 




13 




61 


126.0 


N.D. 


1614.9 




13 




151 


126.2 


N.D. 


679.3 




5 




153 


29.8 


N.D. 


586.1 




20 




458 


20.8 


N.D. 


403.1 




19 




460 


111.7 


N.D. 


1244.3 




11 




462 


16.4 


N.D. 


257.2 




16 




465 


31.2 


N.D. 


1000.0 




32 




466 


35.5 


N.D. ' 


421.0 




12 




467 


19.6 


N.D. 


274.6 




14 




468 


56.3 


N.D. 


2481.0 




44 
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Table 81 (continued) 





Inhibitory Action and Selectivity of Test Compounds against Three NOS Isoforms 


5 


Example No. or Control 
Compound 


Inhibitory action 


Selectivity 






nNOS 


ICso(nM) iNOS 


eNOS 


iNOS/nNOS 


eNOS/nNOS 


eNOS/iNOS 




469 


40.0 


N.D. 


994.0 


- 


25 


• 




478 


61.6 


N.D. 


447.5 


- 


7 


- 


10 


479 


66.9 


N.D. 


802.0 


- 


12 


- 




481 


78.1 


N.D. 


1984.5 


- 


25 


- 




482 


50.5 


N.D. 


1348.6 


- 


27 


- 


15 


483 


65.4 


N.D. 


711.0 




11 


- 




484 


69.2 


N.D. 


1264.2 


- 


18 


• 




485 


54.4 


1774.9 


2882.4 


32 


53 


1.6 




488 


39.9 


N.D. 


297.9 




8 


• 


20 


489 


22.1 


N.D. 


N.D. 










490 


18.1 


N.D. 


347.5 




19 






491 


45.8 


N.D. 


1768.0 




39 




25 


506 


29.1 


N.D. 


1292.7 




45 






521 


19.5 


N.D. 


485.2 




25 






522 


19.7 


N.D. 


398.4 




20 




30 


541 


25.9 


N.D. 


712.6 




28 




543 


12.5 


N.D. 


249.8 




20 






L-NA 


16.9 


3464.3 


68.2 


205.0 


4.0 


0.02 




Notes: Symbol "N.D." means "not determined*, and "-" 


means ^incalculable" 
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INDUSTRIAL APPLICABILITY 



[01 33] The compounds of the present invention exhibit an outstanding nNOS or iNOS inhibiting activity and are useful 
as therapeutics of cerebrovascular diseases [cerebral hemorrhage, subarachnoid hemorrhage, cerebral infarction 
40 (atherothrombotic infarction, lacunar infarction and cardiogenic embolism), transient ischemic attack and cerebral 
edema], traumatic brain injury, spinal injury, pains [headache (migraine, tension headache, cluster headache and 
chronic paroxysmal headache)], Parkinson's disease. Alzheimer's disease, seizure, morphine tolerance or depend- 
ence, septic shock, chronic rheumatoid arthritis, osteoarthritis, viral or nonviral infections and diabetes mellitus. 

45 Claims 

1 . A compound represented by the general formula (I), or a possible tautomer, stereoisomer or optically active form 
of the compound or a pharmaceutical^ acceptable salt thereof: 



50 

x, x 2 

R 



(1) 
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(where R 1 and R 2 which may be the same or different are each a hydrogen atom, an optionally substituted lower 
alkyl group, an acyl group or a lower alkoxycarbonyl group, or and R 2 may combine together to form a 3- to 8- 
membered ring; 

5 R 3 and R4 which may be the same or different are each a hydrogen atom, an optionally substituted lower alkyl 

group, or R 3 and R 4 may combine together to form a monocyclic or fused ring having 3-10 carbon atoms; 
R 5 is a hydrogen atom, a lower alkyl group, an acyl group or a lower alkoxycarbonyl group; 
X 1( X 2 , X 3 , and X4 which may be the same or different are each a hydrogen atom, a halogen atom, a nitro 
group, a cyano group, a hydroxy! , group, an optionally substituted lower alkyl group, a lower alkenyl group, a 

10 lower alkynyl group, an optionally substituted lower alkoxy group, an optionally substituted lower alkyithio 

group, a phenyl group optionally substituted by a halogen atom and/or a lower alkyl group, NXsXg or C(=0)X 7 ; 
where X 5 and Xg which may be the same or different are each a hydrogen atom, an optionally substituted lower 
alkyl group, an acyl group, an optionally substituted lower alkoxycarbonyl group, or X 5 and Xq may combine 
together to form a 3- to 8-membered ring; 

15 X 7 is a hydrogen atom, a hydroxy! group, an optionally substituted lower alkyl group, an optionally substituted 

lower alkoxy group, or NXgXg; 

where X 8 and X 9 which may be the same or different are each a hydrogen atom, an optionally substituted lower 
alkyl group, or Xq and Xg may combine together to form a 3- to 8-membered ring; 

A is an optionally substituted benzene ring or a 5- or 6-membered aromatic hetero ring which is optionally sub- 
20 stituted and which contains at least one nitrogen atom as a hetero atom; 

n and m are each an integer of 0 or 1). 

2. The compound of the general formula (1) according to claim 1 or a possible tautomer, stereoisomer or optically 
active form of the compound a a pharmaceutical^ acceptable salt thereof, in which: 

25 

X 1 , X 2 , X 3 and X 4 which may be the same or different are each a hydrogen atom, a halogen atom, a nitro group, 
a cyano group, an optionally substituted lower alkyl group, a lower alkenyl group, a lower alkynyl group, an 
optionally substituted lower alkoxy group, an optionally substituted lower alkyithio group, a phenyl group option- 
ally substituted by a halogen atom and/or a lower alkyl group, NXgXe or C(»0)X 7 ; and 
30 A is an optionally substituted benzene or pyridine ring. 

3. The compound of the general formula (1) aocording to claim 1 or a possible tautomer, stereoisomer or optically 
active form of the compound or a pharmaceutical^ acceptable salt thereof, in which: 

35 A is a 5- or 6-membered aromatic hetero ring which is optionally substituted and which contains at least one 

nitrogen atom as a hetero atom (exclusive of an optionally substituted pyridine ring). 

4. The compound of the general formula (1) according to claim 1 or a possible tautomer, stereoisomer or optionally 
active form of the compound a a pharmaceutical^ acceptable salt thereof, in which: 

40 

R 1 is a hydrogen atom; 

R 2 is a hydrogen atom, a lower alkyl group, an acyl group or a lower alkoxycarbonyl group; and 
A is an optionally substituted benzene ring. 

45 5. The compound of the general formula (1) according to claim 2 or a possible tautomer, stereoisomer or optically 
active form of the compound or a pharmaceutically acceptable salt thereof, in which: 

A is an optionally substituted pyridine ring. 

so 6. The compound of the general formula (1) according to claim 1 or a possible tautomer, stereoisomer or optically 
active form of the compound or a pharmaceutically acceptable salt thereof, in which: 

R 1 and R 2 are each a hydrogen atom; 
R 5 is a hydrogen atom; / 
55 Xi , X 2 , X 3 and X4 which may be the same or different are each a hydrogen atom, a halogen atom, an optionally . 

substituted lower alkyl group, an optionally substituted lower alkoxy group or NX^; and 
A is an optionally substituted benzene ring, an optionally substituted pyridine ring, an optionally substituted 
pyrimidine ring, an optionally substituted oxazole ring, or an optionally substituted thiazole ring. 
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7. The compound of the general formula (1) according to claim 6 or a possible tautomer, stereoisomer or optionally 
active form of the compound or a pharmaceutical ly acceptable salt thereof, in which: 

A is an optionally substituted benzene ring or an optionally substituted pyridine ring. 

8. The compound of the general formula (1) according to any one of claims 1 ■ 7 or a possible tautomer. stereoisomer 
or optically active form of the compound or a pharmaceutically acceptable salt thereof, in which: 

R 3 and R 4 which may be the same or different are each a hydrogen atom or a lower alkyl group, or R 3 and R 4 
may combine together to form a monocyclic ring having 3-10 carbon atoms. 

9. The compound of the general formula (1 ) according to any one of claims 1 - 8 or a possible tautomer, stereoisomer 
or optically active form of the compound or a pharmaceutically acceptable salt thereof, in which: 

X 1 , X 2 , X 3 and X4 which may be the same or different are each a hydrogen atom, a halogen atom, a lower alkyl 
group, a lower alkoxy group optionally substituted by a phenyl group or NXsXg; 

where X 5 and Xe which may be the same or different are each a hydrogen atom, a lower alkyl group optionally 
substituted by a phenyl group or an acyt group, or X 5 and Xg may combine together to form a 3- to 8-membered 
ring. 

10. The compound of the general formula (1) according to claim 6, 8 or 9 or a possible tautomer, stereoisomer or opti- 
cally active form of the compound or a pharmaceutically acceptable salt thereof, in which A is an optionally substi- 
tuted benzene ring or an optionally substituted pyridine ring, with the optional substituent being a nrtro group, a 
lower altooxy group, a lower alkyl group or a lower alkytthio group. 

11. The compound of the general formula (1) according to any one of claims 1 - 8 or claim 10 or a possible tautomer, 
stereoisomer or optically active form of the compound or a pharmaceutically acceptable salt thereof, in which: 

Xi , X 2 . X3, or X4 which may be the same or different are each a hydrogen atom, a halogen atom, a lower alkyl 
group, a lower alkoxy group or NX5X6; 

where X 5 and Xg which may be the same or different are each a hydrogen atom, a lower alkyl group or an acyl 
group, or X 5 and Xg may combine together to form a 3- to 8-membered ring. 

12. The compound of the general formula (1) according to any one of claims 1 -11 or a possible tautomer, stereoisomer 
or optically active form of the compound or a pharmaceutically acceptable salt thereof, in which: 

m and n are each 0; and 

the substituents other than X 1( X 2 , X 3 , and X4 are meta-substituted on the benzene ring. 

1 3. The compound of the general formula (1 ) according to any one of claims 1 - 1 1 or a possible tautomer, stereoisomer 
or optically active form of the compound or a pharmaceutically acceptable salt thereof, in which: 

m + n a 1 ; and 

the substituents other than X 1 , X 2 , X 3 and X 4 are ortho- or para-substituted on the benzene ring. 

14. The compound of the general formula (1) according to claim 1 or a pharmaceutically acceptable salt thereof, said 
compound being selected from the group consisting of: 

2-(3-aminomethylphenylamino)-6-methoxy-3-nitropyridine, 2-(3-aminomethylphenylamino)-6-methyl-3-nitro- 
pyridine, 2-(3-aminomethylphenylamino)-6-ethyl-3-nitropyridine, 2-{3-aminomethylphenylamino)-6-ethoxy-3- 
nitropyridine, 2-(3-aminomethylphenylamino)-6-methylthio-3-nitropyridine f 2-(3-aminomethylphenylamino)-6- 
methyl-3-nitrobenzene, 2-(3-aminomethylphenylamino)-6-methoxy-3-nitrobenzene 1 
2-(3-aminomethyl-2-methy^phenylamino)-6-methoxy-3-nitropyridine, 

2-(4-aminoethylphenylamino)-6-methoxy-3-nitropyridine, 2n[3-(1 -amino- 1-methylethyl)phenylamino)-6-meth- 
oxy-3-nitropyridine, 2-(3-aminomethyl-2-methoxyphenylamino)-6-methoxy-3-nitropyridine, 2-(3-aminomethyl- 
4-chlorophenylamino)-6-methoxy-3-nitropyridine, 2-(3-aminomethyl-4-fluorophenylamino)-6-methoxy-3-nitro- 
pyridine, 2-(3-aminomethyl-2-ethco(yphenylamino)-6-methoxy-3-nitropyridine, 2-(3-aminomethyl-2-chlorophe- 
nylamino)-6-methoxy-3-nitropyridine, 2-(3-aminomethylphenylamino)-4-methylpyridine, 2-(3-(1-amino-1- 
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methylethyf)i5henyIamino)^-methylpyridine, 2-(3-aminomethyl-2-metlTylphenyla™^ 2-(3- 
aminomethyl-4-ethylphenylamino)-4-methylpyridine, 2-(3-aminomethyt^ethoxyphenylamino)^-methylpyrid- 
ine, 

2-(2-aminoethylphenylamino)^-methylpyridine. 2-(3^minomethyl-2^lorophenylamino)-4^ethylpyridine, 2- 
(3-(1 -amino<ydobutyi)phenylamino)-4-methylpyridine, 2-(4-aminoethylphenylarrtino)^^ethylpyrkline P 2-(3- 
aminomethyl-2-ethoxyphenylamino)^methylpyridine, 2^3-anrinomethyl-4K3hloit>phenylam^ 
ine, 2-(3-aminomethyl-2-(n-propQxy)phenylamino^^^ 2-(3-aminomethyl-4-chloro-2-ethoxyphe- 
nylamino)-4-methylpyridine, 2-(3-aminometrtyl-2-elhQxy^-methylphe 2-(3- 
aminomethyl-2-methoxyphenylamino)-4-methyIpyridine, and 2-(3-aminomethyl-2-(i-propoxy)phenylamino)-4- 
methy [pyridine. 

15. A nNOS inhibitor containing as an active ingredient a compound represented by the general formula (1) or a pos- 
sible tautomer, stereoisomer or optically active form of the compound or a pharmaceutical^ acceptable salt thereof, 
in which: 

R 1 ■ R 2- R 3. R 4- R 5. , X 2 , X 3 , X4, n, m and A have the same meanings as defined in claim 1 . 

1 6. A therapeutic of cerebrovascular diseases containing as an active ingredient a compound represented by the gen- 
eral formula (1) or a possible tautomer, stereoisomer or optically active form of the compound or a pharmaceutical^ 
acceptable salt thereof, in which: 

R1. R3. R4. R5. X 1f X 2 , X3. X* n. m and A have the same meanings as defined in claim 1. 

17. The therapeutic according to claim 16, wherein the type of cerebrovascular diseases is cerebral hemorrhage. 

18. The therapeutic according to claim 16, wherein the type of cerebrovascular diseases is subarachnoid hemorrhage. 

19. The therapeutic according to claim 16, wherein the type of cerebrovascular diseases is cerebral infarction. 

20. The therapeutic according to claim 19, wherein the subtype of cerebral infarction is atherothrombotic infarction. 

21. The therapeutic according to claim 19, wherein the subtype of cerebral infarction is lacunar infarction. 

22. The therapeutic according to daim 19, wherein the subtype of cerebral infarction is cardiogenic embolism. 

23. The therapeutic according to claim 16, wherein the type of cerebrovascular diseases is transient ischemic attack. 

24. The therapeutic according to claim 16, wherein the type of cerebrovascular diseases is cerebral edema. 

25. A therapeutic of traumatic brain injury containing as an active ingredient a compound represented by the general 
formula (1) or a possible tautomer, stereoisomer or optically active form of the compound or a pharmaceutical^ 
acceptable salt thereof, in which: 

R1 . R 2 , R 3* R4* R 5- X1 . X 2 , X 3 , X4. n. m and A have the same meanings as defined in claim 1 . 

26. A therapeutic of spinal injury containing as an active ingredient a compound represented by the general formula (1) 
or a possible tautomer, stereoisomer or optically active form of the compound or a pharmaceutical^ acceptable salt 
thereof, in which: 

R i, R 2 , R3, R4. R5, X 1( X 2 , X 3 , X* n, m and A have the same meanings as defined in daim 1. 

27. An analgesic containing as an active ingredient a compound represented by the general formula (1) or a possible 
tautomer, stereoisomer or optically active form of the compound or a pharmaceutical^ acceptable salt thereof, in 
which: / 

R 1- R 2 , R3. R 4. R5. X v X 2 , X 3 , X 4 , n, m and A have the same meanings as defined in daim 1. 

28. The therapeutic according to claim 27, wherein the type of pain is headache. 
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29. The therapeutic according to claim 28. wherein the subtype of headache is migraine. 

30. The therapeutic according to claim 28, wherein the subtype of headache is tension headache. 

5 31 . The therapeutic according to claim 28, wherein the subtype of headache is cluster headache or chronic paroxysmal 
headache. 

32. A therapeutic of Parkinson's disease containing as an active ingredient a compound represented by the general for* 
mula (1) or a possible tautomer, stereoisomer or optically active form of the compound or a pharmaceutical^ 

w acceptable salt thereof, in which: 

Ri . R2, R3. R4. R5. , X 2 , X3, X4, n, m and A have the same meanings as defined in claim 1 . 

33. A therapeutic of Alzheimer's disease containing as an active ingredient a compound represented by the general for- 
15 mula (1) or a possible tautomer, stereoisomer or optically active form of the compound or a pharmaceutical^ 

acceptable salt thereof, in which: 

R 1» R 2. R3. R4. R s. X 1( X 2 , X 3 , X4, n, m and A have the same meanings as defined in claim 1. 

20 34. A therapeutic of seizure containing as an active ingredient a compound represented by the general formula (1) or 
a possible tautomer, stereoisomer or optically active form of the compound or a pharmaceutical^ acceptable salt 
thereof, in which: 

R1 . R2. R3. R4. R5. X 1( X 2 . X3, X4, n, m and A have the same meanings as defined in claim 1. 

25 

35. A therapeutic effective against morphine tolerance or dependence containing as an active ingredient a compound 
represented by the general formula (1) or a possible tautomer, stereoisomer or optically active form of the com- 
pound or a pharmaceutical^ acceptable salt thereof, in which: 

30 R 1 , R 2 , R3, R4, R5, X 1 , X 2 , X 3 , X4, n, m and A have the same meanings as defined in claim 1 . 

36. A therapeutic of septic shock containing as an active ingredient a compound represented by the general formula 
(1 ) or a possible tautomer, stereoisomer or optically active form of the compound or a pharmaceutical^ acceptable 
salt thereof, in which: 

35 

R 1- R 2- R31 R 4- R5. X 1t X 2 , X 3 , X4, n, m and A have the same meanings as defined in claim 1. 

37. A therapeutic of chronic rheumatoid arthritis containing as an active ingredient a compound represented by the 
general formula (1) or a possible tautomer, stereoisomer or optically active form of the compound or a pharmaceu* 

40 tically acceptable salt thereof, in which: 

R1. R* R3. R4. R5. X 1( X 2 , X 3 , X4, n, m and A have the same meanings as defined in claim 1. 

38. A therapeutic of osteoarthritis containing as an active ingredient a compound represented by the general formula 
45 (1 ) or a possible tautomer, stereoisomer or optically active form of the compound or a pharmaceutical^ acceptable 

saft thereof, in which: 

R 1 • R 2. R3. R4. R5. X1 , X 2 , X 3 , X4, n, m and A have the same meanings as defined in claim 1 . 

so 39. A therapeutic of viral or nonviral infections containing as an active ingredient a compound represented by the gen- 
eral formula (1 ) or a possible tautomer, stereoisomer or optically active form of the compound or a pharmaceutical^ 
acceptable salt thereof, in which: 

R1 . R2. R3. R4. R5. Xi , X 2 , X3, X4, n, m and A have the same meanings as defined in claim 1 . 

55 

40. A therapeutic of diabetes mellitus containing as an active ingredient a compound represented by the general for- 
mula (1) or a possible tautomer, stereoisomer or optically active form of the compound or a pharmaceutically 
acceptable salt thereof, in which: 



114 



EP 0 949 242 A1 

Ri . R2. R3. R4. R5. X<\ . X 2 , X 3> X4. n, m and A have the same meanings as defined in claim 1 . 

41 . A process for producing a compound according to claim 1 by the reaction pathway (A): 
Reaction pathway (A) 

provided that in the general formula (1), (2) or (3), 

R1 . R2, R3, R4, Xi , X 2 , X 3 , X4, n, m and A have the same meanings as defined in claim 1 ; 
R 3 is a hydrogen atom or an optionally substituted lower alky! group; and 
L is a leaving group. 

42. A process fa producing a compound according to claim 1 by the reaction pathway (B): 
Reaction pathway (B) 

(9) ("» (1) 5 



provided that in the general formula (1), (9) or (10), 

R 1 , R 2 , R3, R4, X 1 , X 2 , X 3 , X4, n, m and A have the same meanings as defined in claim 1 ; 
R 5 is a hydrogen atom or an optionally substituted lower alkyl group; and 
L is a leaving group. 
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Description 

TECHNICAL FIELD 

5 [0001] This invention relates to N-substituted aniline derivatives, more particularly to compounds represented by the 
general formula (I) that have a nitric oxide synthase (NOS) inhibiting action to suppress the production of nitric oxide 
(NO) and thereby prove effective against disorders and diseases in which excessive NO or NO metabolites are suppos- 
edly involved, namely, cerebrovascular diseases [cerebral hemorrhage, subarachnoid hemorrhage, cerebral infarction 
(atherothromobotic infarction, lacunar infarction and cardiogenic embolism), transient ischemic attack and cerebral 

w edema], traumatic brain injury, spinal injury, pains [headache (migraine, tension headache, cluster headache and 
chronic paroxysmal headache)], Parkinson's disease, Alzheimer's disease, seizure, morphine tolerance or depend- 
ence, septic shock, chronic rheumatoid arthritis, osteoarthritis, viral or nonviral infections and diabetes mellitus. The 
invention also relates to possible tautomers, stereoisomers and optically active forms of said compounds, as well as 
pharmaceutical^ acceptable salts thereof. The invention further relates to preventives and therapeutics that contain 

is said compounds, derivatives or pharmaceutically acceptable salts as active ingredients. 

BACKGROUND ART 

[0002] The number of deaths from cerebrovascular diseases in Japan had increased until 1970 when it began to 

20 decline mostly due to the improvement in their acute-phase therapy. Nevertheless, cerebrovascular diseases remain 
the second leading cause of death among adult diseases, next only to cancers. As for the incidence of cerebrovascular 
diseases, many statistical surveys indicate that it is generally constant and in view of the fact that the number of elderly 
persons will increase at an uncomparably faster speed in Japan than any other country in the world, the number of 
patients suffering from cerebrovascular diseases is estimated to increase rather than decrease in the future. The declin- 

25 ing mortality and the growing population of aged people combine to increase the cases of cerebrovascular diseases in 
the chronic phase and this has presented with a national problem not only from the aspects of individual patients and 
society at large but also from the viewpoint of medical economics since patients with chronic cerebrovascular disease 
are inevitably involved in long-term care. In cerebral infarction that accounts for most cases of cerebrovascular dis- 
eases, cerebral arteries are occluded and blood deficit starting at the blocked site extends to the peripheral site, caus- 

30 ing an ischemic state. The symptoms of cerebral infarction in the chronic phase are in almost all cases derived from the 
loss of neurons and it would be extremely difficult to develop medications or established therapeutic methods for achiev- 
ing complete recovery from those symptoms. Therefore, it is no exaggeration that the improvement in the performance 
of treatments for cerebral infarction depends on how patients in an acute phase can be treated with a specific view to 
protecting neurons and how far their symptoms can be ameliorated in the acute phase. However, most of the medica- 

35 tions currently in clinical use are antiplatelet drugs, anticoagulants and thrombolytics and none of these have a direct 
nerve protecting action (see Kazuo MINEMATSU et at., "MEDIC I NA", published by Igaku Shoin, 32, 1995 and Hidehiro 
MIZUSAWA et al. t published by Nankodo, "Naika" 79, 1997). Therefore, it is desired to develop a drug that provides an 
effective therapy for cerebrovascular diseases, in particular cerebral infarction, by working in an entirely novel and dif- 
ferent mechanism of action from the conventional medications. 

40 [0003] A presently dominant theory based on genetic DNA analyses holds that NOS exists in at least three isoforms, 
namely, calcium-dependent nNOS (type 1) which is present constitutively in neurons, calcium-dependent eNOS (type 
3) which is present constitutively in vascular endothelial ceils, and apparently calcium-independent iNOS (type 2) which 
is induced and synthesized by stimulation with cytokines and/or lipopolysaccharides (LPS) in macrophages and many 
other cells (Nathan etal., FASEB J. 16, 3051-3064, 1992; Nagafuji etal., Mol. Chem. Neuropathol. 26, 107-157, 1995). 

45 [0004] A mechanism that has been proposed as being most probable for explaining the brain tissue damage which 
accompanies cerebral ischemia is a pathway comprising the sequence of elevation in the extracellular glutamic acid 
level, hyperactivation of glutamic acid receptors on the post-synapses, elevation in the intracellular calcium level and 
activation of calcium-dependent enzymes (SiesjO, J. Cereb. Blood Flow Metab. 1, 155-185, 1981 ; SiesjO, J. Neurosurg. 
60, 883-908, 1984; Choi, Trends Neurosci. 11, 465-469, 1988; SiesjO and Bengstsson, J. Cereb. Blood Row Metab. 9, 

so 127-140, 1989). As already mentioned, nNOS is calcium-dependent, so the inhibition of hyperactivation of this type of 
NOS isoforms would contribute to the neuroprotective effects of NOS inhibitors (Dawson et al., Annals Neurol. 32, 297- 
311, 1992). 

[0005] As a matter of fact, the mRNA level of nNOS and the number of nNOS containing neurons start to increase 
early after focal cerebral ischemia in rats and their temporal alterations coincide with the development of infarction 
55 (Zhang et al., Brain Res. 654, 85-95, 1994). In addition, in a mouse model of focal cerebral ischemia, the percent inhi- 
bition of nNOS activity and the percent reduction of infarct volume correlate to each other at least in a dose range of 
N Q -nitro-L-arginine (L-NA) that produces a recognizable infarct volume reductive action (Carreau et al., Eur. J. Pharma- 
col. 256, 241-249, 1994). Further in addition, it has been reported that in nNOS knockout mice, the infarct volume 
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observed after focal cerebral ischemia is significantly smaller than that in the control (Huang et al., Science 265, 1883- 
1085, 1994). 

[0006] Referring now to NO, it is at least one of the essences of endothelium-derived relaxing factor (EDRF) and, 
hence, is believed to take part in the adjustment of the tension of blood vessels and the blood flow (Moncade et al.. 

5 Pharmacol. Rev. 43, 109-142, 1991). As a matter of fact, it was reported that when rats were administered high doses 
of L-NA, the cerebral blood flow was found to decrease in a dose-dependent manner as the blood pressure increased 
(Toru MATSUl et al., Jikken Igaku, 11, 55-60, 1993). The brain has a mechanism by which the cerebral blood flow is 
maintained at a constant level notwithstanding the variations of blood pressure over a specified range (which is com* 
monly referred to as "autoregulation mechanism") ("NOSOTCHU JIKKEN HANDBOOK", complied by Keiji SANO, pub- 

10 lished by IPC, 247-249, 1990). The report of Matsui et al. suggests the failure of this "autoregulation mechanism" to 
operate. Therefore, if eNOS is particularly inhibited beyond a certain limit in an episode of brain ischemia, the cerebral 
blood flow will decrease and the blood pressure will increase, thereby aggravating the dynamics of microcirculation, 
possibly leading to an expansion of the ischemic lesion. It was also reported that in eNOS knockout mice, the infarct 
observed after focal cerebral ischemia was larger than that in the control but could be reduced significantly by adminis- 

15 tration of L-NA (Huang et al., J. Cereb Blood Flow Metab. 16, 961-987, 1996). These reports show that eNOS-derived 
NO probably works protectively on the brain tissue through the intermediary of a vasodilating action, a platelet aggre- 
gation suppressing action and so forth. 

[0007] The present inventors previously found that L-NA, already known to be a NOS inhibitor, possessed ameliora- 
tive effects on the brain edema and cerebral infarction following phenomena that developed after experimental cerebral 

20 ischemia (Nagafuji et al., Neurosci. Lett 147, 159-162, 1992; Japanese Patent Public Disclosure No. 192080/1994), as 
well as necrotic neuronal cell death (Nagafuji et al., Eur. J. Pharmacol. Env. Tox. 248, 325-328, 1993). On the other 
hand, relatively high doses of NOS inhibitors have been reported to be entirely ineffective against ischemic brain dam- 
age and sometimes aggravating it (Idadecola et al., J. Cereb. Blood Row Metab. 14, 175-192, 1994; Toshiaki 
NAGAFUJI and Toru MATSUI, Jikken Igaku, 13, 127-135, 1995; Nagafuji et al.. Mol. Chem. Neuropathol. 26, 107-157. 

25 1 995). It should, however, be stressed that as a matter of fact, all papers that reported the changes of NO or NO-related 
metabolites in the brain and blood in permanent or temporary cerebral ischemic models agreed in their results to show 
the increase in the levels of those substances (Toshiaki NAGAFUJI and Toru MATSUI, Jikken Igaku, 13, 127-135, 1995; 
Nagafuji et al., Mol. Chem. Neuropathol. 26. 107-157, 1995). 

[0008] One of the reasons for explaining the fact that conflicting reports have been made about the effectiveness of 

30 NOS inhibitors in cerebral ischemic models would be the low selectivity of the employed NOS inhibitors for nNOS. As a 
matter of fact, no existing NOS inhibitors including L-NA and N Q -nitro-L-arginine methyl ester (L-NAME) have a highly 
selective inhibitory effect on a specific NOS isoform (Nagafuji et al. Neuroreport 6, 1 541 -1 545, 1 995; Nagafuji et al. Mol. 
Chem. Neuropathol. 26, 107-157. 1995). Therefore, it may well be concluded that desirable therapeutics of ischemic 
cerebrovascular diseases should have a selective inhibitory effect on nNOS (Nowicki et al., Eur. J. Pharmacol. 204, 

35 339-340, 1991 ; Dawson et al., Proc. Natl. Acad. Sci. USA 88, 6368-6371 , 1991; ladecola et al., J. Cereb. Blood Flow 
Metab. 15, 52-59. 1995; ladecola et al., J. Cereb. Blood Flow Metab. 15, 378-384, 1995; Toshiaki NAGAFUJI and Toru 
MATSUI, Jikken Igaku 13. 127-135, 1995; Nagafuji et al., Mol. Chem. Neuropathol. 26, 107-157, 1995). 
[0009] It has also been suggested that nNOS inhibitors have the potential for use as therapeutics of traumatic brain 
injuries (Oury et al., J. Biol. Chem. 268, 15394-15398, 1993; MacKenzie et al., Neuroreport 6, 1789-1794, 1995; 

40 Mesenge etal., J. Neurotrauma. 13, 11-16, 1996; Wallis etaL, Brain Res., 710, 169-177, 1996), headache and other 
pains (Moore etal., Br. J. Pharmacol. 102, 198-202, 1991 ; Olesen., Trends Pharmacol. 15, 149-153. 1994), Parkinson's 
disease (Youdim et al., Advances Neurol. 60, 259-266, 1993; Schufz et al., J. Neurochem. 64, 936-939, 1995; Hantraye 
et al., Nature Medicine 2, 1017-1021, 1996), Alzheimer's disease (Hu and EI-FaKahany, Neuroreport 4, 760-762, 1993 
Meda et al.. Nature 374, 647-650, 1995), seizure (Rigaud-Monnet et al., J. Cereb. Blood Row Metab. 14, 581-590. 

45 1994), and morphine tolerance and dependence (Kblesnikov et al., Eur. J, Pharmacol. 221 , 399-400. 1992; Cappendijk 
et al., Neurosci. Lett. 162, 97-100, 1993). 

[0010] Upon stimulation by certain kinds of cytokines and/or LPS, iNOS is induced in immunocytes such as macro- 
phages and glial cells and other cells, and the resulting large amount of NO will dilate blood vessels to cause a fatal 
drop in blood pressure. Therefore, it is speculated that an iNOS inhibitor may be effective against septic shocks (Kit- 
so bourn and Griffith, J. Natl. Cancer Inst. 84, 827-831, 1992; Cobb et al., Crit. Care Med. 21, 1261-1263, 1993; Lorente 
et al., Crit Care Med. 21, 1287-1295, 1993). Further, it has been suggested that iNOS inhibitors are useful as thera- 
peutics of chronic rheumatoid arthritis and osteoarthritis (Farrell etal., Ann, Rheum. Dis. 51, 1219-1222, 1992; Hausel- 
mann et al., FEBS Lett. 352, 361-364, 1994; Islante et al., Br. J. Pharmacol. 110, 701-706, 1993). viral or nonviral 
infections (Zembvitz and Vane. Proc. Natl. Acad. Sci. USA 89, 2051-2055, 1992; KoprowsW et al., Proc. Natl. Acad. Sci. 
55 USA 90, 3024-3027, 1993) and diabetes metlitus (Kblb et al., Life Sci. PL213-PL217. 1991). 

[0011] The NOS inhibitors so far reported to have a certain degree of selectivity for nNOS are N Q -cyclopropyl-L- 
arginine (L-CPA)(Lamberte et al., Eur. J. Pharmacol. 216, 131-134, 1992), L-NA (Furfine et al., Biochem. 32, 8512- 
8517, 1993), S-methyl-L-thiocitrulline (L-MIN) (Narayanan and Griffith, J. Med. Chem. 37, 885-887, 1994; Furfine et al., 



3 



EP0 949 242 A1 



J. Biol. Chem. 37, 885-887. 1994; Furfine et al. J. Biol. Chem. 269. 26677-26683, 1994; WO95/09619; Narayanan et 
al., J. Biol. Chem. 270, 11103-11110, 1995; Nagafuji etal., Neuroreport 6, 1541-1545, 1995), S-ethyl-L-thiocrtrulline (L- 
EIN) (Furfine et al., J. Biol. Chem. 269, 26677-26683, 1994; WO95/09619; Narayanan etal.,J. Biol. Chem. 270, 1 1 103- 
11110, 1995), and ARL 17477 (Gentile et al., WO95/05363; Zhang et al., J. Cereb. Blood Flow Metab., 16, 599-604, 
s 1996). 

[001 2J In addition, the inhibitors that have been reported to have a certain degree of selectivity for iNOS are N Q -imi- 
noethyl-L-ornithine (L-NIO) (McCall et al., Br. J. Pharmacol. 102, 234-238, 1991) and aminoguanidine (AG) (Griffith et 
al., Br. J. Pharmacol. 110, 963-968, 1993; Hasan et al. Eur. J. Pharmacol. 249, 101-106. 1993). 

10 DISCLOSURE OF INVENTION 

[0013] An object of the present invention is to provide novel compounds that have an inhibitory effect on calcium- 
dependent nNOS which is present constrtutively in the brain, particularly in neurons or an inducible and apparently cal- 
cium-independent iNOS and which are useful as therapeutics of cer&r&ascular diseases [cerebral hemorrhage, sub- 
15 arachnoid hemorrhage, cerebral infarction (atherothrorrtbotic infarction, lacunar infarction and cardiogenic embolism), 
transient ischemic attack and cerebral edema], traumatic brain injury, spinal injury, pains [headache (migraine, tension 
headache, cluster headache and chronic paroxysmal headache)], Parkinson's disease, Alzheimer's disease, seizure, 
morphine tolerance or dependence, septic shock, chronic rheumatoid arthritis, osteoarthritis, viral or nonviral infections 
and diabetes mellitus. 

20 [001 4] As a result of the intensive studies made in order to attain the stated object, the present inventors found that 
aromatic amine derivatives represented by the general formula (I), or possible tautomers, stereoisomers and optically 
active forms of said compounds, as well as pharmaceutical ly acceptable salts thereof have an inhibitory action on type 
1 NOS and so forth, thereby exhibiting marked effectiveness as therapeutics of cerebrovascular diseases (especially 
as therapeutics of occlusive cerebrovascular diseases): 

25 

0) 



^MCHariKCHa) 



35 (where and R2 which may be the same or different are each a hydrogen atom, an optionally substituted -lower alkyl 
group, an acyl group or a lower alkoxycarbonyi group, or R 1 and R2 may combine together to form a 3- to 8-membered 
ring; 

R 3 and R 4 which may be the same or different are each a hydrogen atom, an optionally substituted lower alkyl 
40 group, or R 3 and R4 may combine together to form a monocyclic or fused ring having 3-10 carbon atoms; 
R 5 is a hydrogen atom, a lower alkyl group, an acyl group or a lower alkoxycarbonyi group; 
Xi , X 2 , X 3 , and X4, which may be the same or different are each a hydrogen atom, a halogen atom, a nitro group, 
a cyano group, a hydroxyl group, an optionally substituted lower alkyl group, a lower alkenyl group, a lower alkynyl 
group, an optionally substituted lower alkaxy group, an optionally substituted lower aJkylthio group, a phenyl group 
45 optionally substituted by a halogen atom and/or a lower alkyl group, NX^ or C(=0)X 7 ; 

where X 5 and Xe which may be the same or different are each a hydrogen atom, an optionally substituted lower 
alkyl group, an acyl group, an optionally substituted lower alkoxycarbonyi group, or X 5 and Xg may combine 
together to form a 3- to 8-membered ring; 

X 7 is a hydrogen atom, a hydroxyl group, an optionally substituted lower alkyl group, an optionally substituted lower 
so alkoxy group, or NXgXg; 

where X 8 and X 9 which may be the same or different are each a hydrogen atom, an optionally substituted lower 
alkyl group, or Xs and Xg may combine together to form a 3- to 8-membered ring; 

A is an optionally substituted benzene ring or a 5- or 6-membered aromatic hetero ring which is optionally substi- 
tuted and which contains at least one nitrogen atom as a hetero atom; 
55 n and m are each an integer of 0 or 1 ), 

[001 5] The present invention has been accomplished on the basis of this finding. 

[0016] The present invention also provides a process for producing a compound of the general formula (1) which is 



4 



EP 0 949 242 A1 



represented by the reaction pathway (A): 
Reaction pathway (A) 
5 [0017] 



10 



(2) 



X, X 2 




X| X 2 



X, X.^ 



15 



20 



25 



30 



35 



namely, a process in which a substituted aniline represented by the general formula (2) (where Rj , R 2 , R 3 , R 4 , X 1 , X 2 , 
X 3 , X* n and m have the same meanings as defined above; R 5 is a hydrogen atom or an optionally substituted lower 
alkyl group) is reacted with a compound represented by the general formula (3) (where A has the same meaning as 
defined above; L is a leaving group) to produce a compound represented by the general formula (1). 
[0018] The present invention further provides a process for producing a compound of the general formula (1) which 
is represented by the reaction pathway (B): 

Reaction pathway (B) 



[0019] 



Xj X 2 



♦ A-NH • 



Xj X4 



(?) 



(10) 



X, Xj 

(1) 



namely, a process in which a substituted benzene represented by the general formula (9) (where Ri , R 2 , R 3 . X 1 . 
X 2 , X 3 . X4, U n and m have the same meanings as defined above) is reacted with a compound represented by the gen- 
40 eral formula (10) (where A and R 5 have the same meanings as defined above) to produce a compound represented by 
the general formula (1). 

BEST MODE FOR CARRYING OUT THE INVENTION 

45 [0020] In the present invention, the 5- or 6-membered aromatic hetero ring as an example of A which contains at least 
one nitrogen atom as a hetero atom may be exemplified by a pyrrole ring, a pyrrole- 1 -oxide ring, a pyrazole ring, a pyra- 
zole-1 -oxide ring, a pyrazole-2-oxide ring, a pyrazole-1 ,2-dioxide ring, an imidazole ring, an imidazole-1 -oxide ring, an 
imidazole-3-oxide ring, an imidazole- 1,3 -dioxide ring, an isoxazole ring, an isoxazole-2-oxide ring, an oxazole ring, an 
oxazole-3-Qxide ring, an isothiazole ring, an isothiazole-1 -oxide ring, an isothiazole- 1.1 -dioxide ring, an isothiazole-1,2- 

so dioxide ring, an isothiazole-2-oxide ring, a thiazde ring, a thiazole-1 -oxide ring, a thiazole-1,1 -dioxide ring, a thiazole- 
3-cxide ring, a pyridine ring, a pyridine-N-oxide ring, a pyridazine ring, a pyridazine-1 -oxide ring, a pyridazine-1 ,2-diox- 
ide ring, a pyrimidine ring, a pyrimidine-1 -oxide ring, a pyrimidine-1,3-dioxide ring, a pyrazine ring, a pyrazine-1 -oxide 
ring or a pyrazine- 1,4-dioxkJe ring or the like; 

i 

55 the substituent in A is a hydroxy! group, a halogen atom, a nitro group, a cyano group, a trifluoromethyl group, a 
lower alkoxy group, a lower alkyl group, a lower alkylthio group, NX^X^ or C(=0)X 12 ; 

where X 10 and X, f which may be the same or different are each a hydrogen atom, an optionally substituted lower 
alkyl group, an acyl group, an optionally substituted lower alkoxycarbonyl group, or X 10 and X n may combine 
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together to form a 3- to 8-membered ring; 

X 12 is a hydrogen atom, a hydroxy) group, an optionally substituted lower alkyl group, an optionally substituted 
lower alkoxy group or NX 13 X 14 ; 

where X 13 and X u which may be the same or different are each a hydrogen atom, an optionally substituted lower 

5 alkyl group, or X 13 and X 14 may combine together to form a 3- to 8-membered ring; 

the lower alkyl group is a straight-chained alkyl group having 1 - 6 carbon atoms, or a branched or cyclic alkyl group 
having 3 - 8 carbon atoms and may be exemplified by a methyl group, an ethyl group, an n-propyl group, an n-butyl 
group, an n-pentyl group, an n-hexyl group, an i-propyt group, an i-butyt group, a sec-butyl group, a t-butyl group, 
an i-pentyl group, a neopentyl group, a t-pentyl group, an i-hexyl group, a cyclopropyl group, a cyclobutyl group, a 

w cycloperrtyl group, a cyclohexyl group, a cycloheptyl group or a cyclooctyl group or the like; 

the lower alkenyl group is a straight-chained alkenyl group having 2 - 6 carbon atoms or a branched alkenyl group 
having 3 - 6 carbon atoms and may be exemplified by a vinyl group, an allyl group, a 1 -butenyl group, a 1 -perrtenyt 
group, a 1-hexenyl group, a 2-butenyl group, a 2-pentenyl group, a 2;hexenyl group, an isopropenyl group, a 2-bute- 
nyl group or a 1 -methyl- 1 -propenyl group or the like; 

is the lower alkynyl group is a straight-chained alkynyi group having 2 - 6 carbon atoms or a branched alkynyl group 
having 3 - 6 carbon atoms and may be exemplified by an ethynyl group, a 1-propynyl group, a 1 -butynyl group, a 1 - 
pentynyt group, a 1-hexynyl group, a 2-propynyl group, a 2-butynyl group, a 2-pentynyl group, a 2-hexyhyl group, a 
1 -methyl-2-propynyl group, a 3-methyl-1 -butynyl group or a 1 -ethyl-2-propynyl group or the like; 
the lower alkoxy group is a straight-chained alkoxy group having 1 - 6 carbon atoms or a branched or cyclic alkoxy 

20 group having 3 - 8 carbon atoms and may be exemplified by a methoxy group, an ethoxy group, an n-propoxy group, 
an n-butoxy group, an n-pentoxy group, an n-hexoxy group, an i-propoxy group, an i-butoxy group, a sec-butoxy 
group, a t-butoxy group, an i-perrtoxy group, a neopentoxy group, a t-pentoxy group, an i-hexoxy group, a cyclopro- 
poxy group, a cyclobutoxy group, a cyclopentoxy group, a cyclohexoxy group, a cycloheptoxy group or a cyclooc- 
toxy group or the like; 

25 the lower alkylthio group is a straight-chained alkytthio group having 1 • 6 carbon atoms or a branched or cyclic 
alkylthio group having 3 - 8 carbon atoms and may be exemplified by a methylthio group, an ethytthio group, an n- 
propylthio group, an n-butylthio group, an n-pentytthio group, an n-hexylthio group, an i-propylthio group, an i- 
butylthio group, a sec-butytthio group, a t-butylthio group, an i-pentylthio group, a neopentylthio group, a t-pentylthio 
group, an i-hexytthio group, a cyclopropylthio group, a cyclobutytthio group, a cyctopentylthio group, a cyclohexy- 

30 Ithio group, a cycloheptylthio group or a cyclooctylthio group or the like; 

the acyl group is not only a fbrmyl group but also an alkylcarbonyl group the alkyl portion of which is a lower alkyl 
group, as well as an aryicarbonyi group and may be exemplified by an acetyl group, a propionyl group, a butyryl 
group, a valeryl group, an isobutyryl group, an isovaleryl group, a pivaloyl group, a benzoyl group, a phthaloyl group 
or a toluoyl group or the like; 

35 the lower alkoxycarbonyi group is an alkaxycarbonyl group the alkyl portion of which is a lower alkyl group and may 
be exemplified by a methoxycarbonyl group, an ethoxycarbonyl group, an n-propoxy carbonyl group, an n-butoxy- 
carbonyl group, an n-pentcocycarbonyl group, an n-hexoxycaibonyl group, an i-propoxycarbonyl group, an i-butoxy- 
carbonyl group, a sec-butcxycarbonyl group, a t-butoxy carbonyl group, an i-pentoxycarbonyl group, a 
neopentoxy ca/bonyl group, a t-pentoxy carbonyl group, an i-hexoxycarbonyl group, a cyclopropoxycarbonyl group, 

40 a cyclobutoxy carbonyl group, a cyclopentoxycarbonyl group, a cyclohexoxycarbonyl group, a cycloheptoxycarbonyl 
group, or a cyclooctaxycarbonyl group or the like; 

the halogen atom is a fluorine atom, a chlorine atom, a bromine atom or an iodine atom; 

the leaving group is a halogen atom, a trif luoromethanesutfonyloxy group, a p-toluenesulfonyloxy group or a meth- 

anesulfonyloxy group; 

45 the substituent in the case where R 1t R 2 , R 3 . R4. X 1t X 2 , X 3 , X4, X 5 , Xg. X 7 , X 8 , Xg, X 10 , X 11p X 12 , X 13 , or X 14 is an 
optionally substituted lower alkyl group, an optionally substituted lower alkoxy group, an optionally substituted lower 
alkylthio group or an optionally substituted lower alkoxycarbonyi group may be exemplified by a halogen atom, a 
phenyl group optionally substituted by a halogen atom or a lower alkyl group or a cyclic alkyl group having 3 • 8 
carbon atoms; 

so the ring as the 3- to 8-membered ring optionally formed by and R 2 taken together, the ring as the 3- to 8-mem- 
bered ring optionally formed by X 5 and Xq taken together, the ring as the 3- to 8-membered ring optionally formed 
by Xs and X 9 taken together, the ring as the 3- to 8-membered ring optionally formed by X 10 and X n taken together, 
and the ring as the 3- to 8-membered ring optionally formed by X 13 and X 14 taken together are each a hetero ring 
containing at least one nitrogen atom as a hetero atbm and may be exemplified by a pyrrole ring, a pyrazole ring, 

55 an imidazole ring, a triazole ring, an aziridine ring, an azetidine ring, a pyrrolidine ring, a piperidine ring, a pipera- 
zine ring, a morpholine ring, a thiomorpholine ring, an azepane ring or an azocane ring or the like; 
the ring as the monocyclic or fused ring having 3-10 carbon atoms that is optionally formed by R 3 and R 4 taken 
together may be exemplified by a cyclopropane ring, a cyclobutane ring, a cyclopentane ring, a cyclohexane ring, 
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a cyctoheptane ring, a cyclooctane ring, an indane ring or a tetralin ring or the like; 

NXgXg, NXsXg, NXtoX^, and NX 13 X 14 may be exemplified by an amino group, a methylamino group, a ben- 
zylamino group, an ethylamino group, a dimethylamino group, an ethylmethyiamino group, a pyrrolidine-1-yl group, 
a piperidine-1 -yl group, a morpholine-4-yl group, an acetamido group, a benzamido group, an N-methylacetamide 
s group, a benzamido group, a tert-butoxycarbonylamino group, an N-methyl-t-butoxycarbonyl-amino group, a pyr- 
rde-1-yi group, a pyrazole-1-yl group, an imidazole-1-yl group, atriazole-1-yl group, an aziridine-1-yt group, an aze- 
tidine-1-yl group, a pyrrolidine- 1-yl group, a piperidine-1 -yl group, a piperazine-1-yl group, a morpholine-4-yl group 
or a thiomorpholine-4-yl group or the like; 

C(=0)X 7 may be exemplified by a formyl group, a carboxyi group, an acetyl group, a propionyl group, a cyclobutyryl 
10 group, a methoxycarbonyl group, an ethoxycarbonyl group, a t-butoxycarbonyl group, a carbamoyl group, an N- 
methytcarbamoyl group, an N-ethylcarbamoyl group, an N,N-dimethytcarbamoyt group, an N-ethyl-N-methylcar- 
bamoyl group, a pyrrolidinecarbonyl group, a piperidinecarbonyl group or a morpholinecarbonyl group or the like; 
R 1 and R 2 are preferably a hydrogen atom; 

R 3 and R4 are preferably a hydrogen atom, a lower alkyl group having 1 - 3 carbon atoms or a monocyclic ring hav- 
15 ing 3 - 5 carbon atoms, with a hydrogen atom, a methyl group, an ethyl group or a cyclobutyl group being particu- 
larly preferred; 

R 5 is preferably a hydrogen atom; 

Xi , X 2 , X3, and X4 are preferably a hydrogen atom, a halogen atom, a lower alkyl group having 1 - 3 carbon atoms 
or a lower alkoxy group having 1 - 3 carbon atoms, with a hydrogen atom, a fluorine atom, a chlorine atom, a methyl 

20 group, an ethyl group, a methoxy group, an ethyoxy group or an n-propoxy group being particularly preferred; 

A is preferably an optionally substituted benzene or pyridine ring, and more preferred is a benzene or pyridine ring 
that is substituted by a nitro group, a lower alkyl group having 1 - 3 carbon atoms, a lower alkoxy group having 1 - 
3 carbon atoms or a lower alkylthio group having 1 - 3 carbon atoms, with a 6-methoxy-3-nitrobenzene-2-yl group, 
a 6-methyl-3-nitropyridine-2-yl group, a 6-methoxy-3-nitro-pyridine-2-yl group or a 4-methylpyridine-2-yl group 

25 being particularly preferred; 

m and n are such that if they are both zero, the substituents other than X 1 , X 2 , X 3 , and X4 are preferably meta-sub- 
stituted on the benzene nucleus whereas if m + n = 1 , the substituents other than , X 2 , X 3 , and X4 are preferably 
ortho- or para-substituted on the benzene nucleus. 

30 [0021 ] Preferred compounds represented by the general formula (1 ) are 2-(3-aminomethylpheny lamino)-6-methoxy- 
3-nitropyridine, 2K3-aminomethylphenylamino)-6-methyi-3-nitropyridine, 2-(3-aminomethytphenylamino)-3-ethyl-3- 
nitropyridine, 2-(3-aminomethylphenylamino)-6-ethoxy-3-nitropyridine, 2-(3-aminomethylphenylamino)-6-methylthio-3- 
nitropyridine, 2^3-arrunomethytphenyla™ 2-(3-aminomethylphenylamino)-6-methoxy-3- 
nitrobenzene, 2-(3-aminomethyl-2Hnethylphenyiamino)-6-meth()xy-3-nitropyridine l 2-(4-aminoethylphenylamino)-6- 

35 methoxy-3-nrtropyridine, 2-(3-(1-amino-1 -methylethyl)phenylamino)-6-methoxy-3-nitropyridine, 2-(3-aminomethyl-2- 
methoxyphenylamino)-6-methoxy-3-nitropyridine, 2-(3-aminomethyl-4-chlorophenylamino)-6^ethoxy-3-nitropyridine, 
2-(3-aminomethyl-4-fluorophen 2-(3-aminomethyl-2"ethoxyphenylamino)-6-meth- 
oxy-3-nitropyridine, 2-(3-amirromethyl-2-chlo^ 2-(3-aminomethylphe- 
nylamino)-4-methylpyridine, 2-{3-(1 -amino-1 -methylethyl)pheny1amino)-4-methylpyridine, 2-(3-aminomethyl-2- 

40 methylphenylamino)-4-methylpyridine, 2-(3-aminomethyl-4-ethy!phenylamino)-4-methylpyridine. 2-(3-aminomethyl-4- 
ethoxyphenylaminoi-A-methylpyridine. 2-(2-aminoethylphenylamino)-4-methylpyridine ( 2-(3-aminomethyl-2-chlorophe- 
nylamino)-4-methylpyridine, 2-(3-(1 -amino-cyclobutyl)piienylamino)-4-methylpyridine, 2-(4-aminoethylphenylamino)-4- 
methylpyridine, 2-(3-aminanethyl-2-ethoxyphenylamino)-4-methylpyrW 2-(3-aminomethyl-4-chlorophenylamino)-4- 
methylpyridine. 2-(3^minomethyl-2-(ni3rcpoxy)phenylamino)-4-methylpvridine ( 2-(3-aminomethyl-4-chlorc-2-ethoxy- 

45 phenylamino)-4-methylpyridine, 2-(3^inomethyl-2-ethoxy-4-methylphenylamino)-4-methylpyridine, 2-(3-aminome- 
thyl-2-methoxyphenylamino)-4-methyipyridine and 2-{3-aminomethyl-2-(i-propoxy)phenylamino)-4-methylpyridine. 
[0022] In addition to the compounds represented by the general formula (1), the present invention also encompasses 
their possible tautomers, stereoisomers, optionally active forms and mixtures thereof. 

[0023] The compounds of the invention which are represented by the general formula (1 ) may typically be synthesized 
so by the following schemes: 
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x, x 2 x l x 2 

+ A-L ^^^1^ 

X, Jul 0) x, 
(2) (1) 



« * * <10) -' m **■ 

Rl 2 OH(t2) 

X, X,Y X 10 X U NH(14) X, X.H *" 

Xj X4 H R " 
(11) 



(6) CD 



R 12 L(15) 
or 

R 13 COX(16) 
or 

(RuCOhO (17) 
x t x 2 



(8) 



[0024] The compound represented by the general formula (1 ) can be synthesized by reacting a compound of the gen- 
eral formula (2), used as a starting material, with a compound of the general formula (3). 

[0025] In the general formulas (1), (2) and (3), R 1( R 2 , R 3 , R4. % x v x 2. x 3- *4. x s. x 7- *8« Xg, A, L, n and m 
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each have the same meanings as defined above. 

[0026] Stated more specifically, the compound represented by the general formula (1 ) can be synthesized by reacting 
the compound of the general formula (2) with the compound of the general formula (3) in the presence of a base such 
as potassium carbonate, triethylamine, diisopropylethyiamine, potassium t -but oxide or sodium t-butoxide, with a metal 

5 catalyst such as copper, palladium or nickel and a ligand such as diphenytphophinoethane, diphenyiphosphinopropane, 
diphenylphosphinoferrocene or 2,2'-bis(dipheny!phosphino)-1,r-binaphthyl being added as required, in a solvent inert 
to the reaction as exemplified by an alcohol such as methanol, ethanol or i-propanol or dimethylformamide, tetrahydro- 
furan, acetonitrile. toluene or 1 ,4-dioxane, at a temperature between room temperature and the boiling point of the reac- 
tion mixture. Preferably synthesis can be made by performing the reaction in the presence of triethylamine or 

10 diisopropylethyiamine in dimethylformamide at 60°C or by performing the reaction in the presence of potassium carbon- 
ate, potassium t-butoxide or sodium t-butoxide, with a palladium catalyst and a ligand diphenylphosphinoferrocene or 
2,2'-bis(diphenylphosphino)-1,1'-binaphthyl added, in acetonitrile or toluene at a temperature between 80°C and the 
boiling point of the reaction mixture. 

[0027] The compound represented by the general formula (1 ) can also be synthesized by reacting a compound of the 
15 general formula (9), used as a starting material, with a compound of the general formula (10). 

[0028] In the general formulas (1), (9) and (10), R 1t R 2l R 3 , R4. X 1( X 2 , X 3 , X4, R 5 , A, L, m and n each have the same 
meanings as defined above. 

[0029] Stated more specifically, the compound represented by the general formula (1 ) can be synthesized by reacting 
the compound of the general formula (9) with the compound of the general formula (10) in the presence of a base such 

20 as potassium carbonate, triethylamine, potassium t-butoxide or sodium t-butoxide, preferably in the presence of potas- 
sium t-butoxide, with a metal catalyst such as copper, palladium or nickel and a ligand such as diphenylphosphi- 
noethane, diphenyiphosphinopropane, diphenylphosphinoferrocene or 2,2'-bis(diphenylphosphino)-1 t V-binaphthyl 
being added as required, preferably a palladium catalyst and a ligand diphenylphosphinoferrocene being added, in a 
solvent inert to the reaction as exemplified by an alcohol such as methanol, ethanol or i-propano! or dimethytformamide, 

25 tetrahydrofuran, acetonitrile, toluene or dioxane, preferably in toluene, at a temperature between room temperature and 
the boiling point of the reaction mixture, preferably at 80°C. 

[0030] Among the compounds represented by the general formula (1), one which is represented by the general for- 
mula (5) where A is an optionally substituted pyridine ring and one of the substttuerrts present is a lower alkoxy group, 
a lower alkylthio group or NX^ ^ can also be synthesized starting with a compound of the general formula (4) with the 
30 leaving group attached. 

[0031] In the general formulas (4), (5), (12), (13) and (14), 

R1, R2, R3. R4. X 1t X 2 , X 3 , X 4> L, m and n each has the same meanings as defined above; 

R 6 is an electron withdrawing group such as a nrtro group, a cyano group, a trif luoromethyl group or C(=0)X 7 ; 
35 R 7 and R 8 are each a hydrogen atom, a halogen atom, a nitro group, a cyano group, a trrfluoromethyl group, a 

hydroxyl group, a lower alkoxy group, a lower alkyl group, a lower alkylthio group, NX 5 Xe or C(=0)X 7 ; 

where X 5 , Xg, and X 7 each has the same meanings as defined above; 

R 1 1 is a lower alkoxy group, a lower alkylthio group or NX 10 X 1 1 ; 

R 12 and X 10 are each a lower alkyl group; 
40 X 1 1 is a hydrogen atom or a lower alkyl group. 

[0032] Stated more specifically, the compound represented by the general formula (5) can also be synthesized from 
the compound of the formula (4) by desirably reacting it with a corresponding compound of the general formula (12), 
(13) or (14) in the presence of a base such as triethylamine or sodium hydride in a solvent inert to the reaction such as 
45 dimethylformamide, tetrahydrofuran or acetonitrile at a temperature between room temperature and the boiling point of 
the reaction mixture. 

[0033] Among the compounds represented by the general formula (1), one which is represented by the general for- 
mula (11) where A is an optionally substituted pyridine ring and one of the substituents present is a lower alkyl group 
can also be synthesized by decarboxylation a compound obtained by performing a nudeophilic substitution on a lower 
so alkyl dicarbonate corresponding to a compound of the general formula (4) with the leaving group attached. 
[0034] In the general formulas (4) and (1 1), 

R1 . R 2 . R3, R4, Rfr R7. R 8. X 1 . x 2« X3.X4.rn and n each have the same meanings as defined above; and 
R 1 4 is a lower alkyl group. 

55 

[0035] Stated more specifically, the compound represented by the general formula (1 1 ) can also be synthesized from 
the compound of the general formula (4) by desirably reacting it with a corresponding lower alkyl dicarbonate in the 
presence of a base such as sodium hydride in a solvent inert to the reaction as exemplified by dimethylformamide, tetra- 
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hydrofuran or acetonitrile, preferably in dimethylformamide, at a temperature between room temperature and the boiling 
point of the reaction mixture, preferably at room temperature and thereafter subjecting the product to reaction in aque- 
ous sulfuric acid at the boiling point of the reaction mixture. 

[0036] Examples of the lower alkyl dicarbonate include dimethyl malonate, diethyl malonate, diethyl methylmalonate, 
5 diethyl ethylmalonate, diethyl n-propylmalonate, diethyl i-propylmalonate, diethyl n-butylmalonate, diethyl i -butyl - 
malonate, diethyl t-butylmalonate, diethyl n-pentylmalonate and so forth. 

[0037] Among the compounds represented by the general formula (1), one which is represented by the general for- 
mula (7) where A is an optionally substituted pyridine ring and one of the substituents present is an amino group can 
also be synthesized by reducing the nitro group in the corresponding general formula (6). 
10 [0038] In the general formulas (6) and (7), 

Ri, R2. R3. R4. m and n each have the same meanings as defined above; 

Re, R 7 , and Rs are each a hydrogen atom, a halogen atom, a trif luoromethyl group, a hydroxy! group, a lower alkyl 
group, a lower alkoxy group, a lower alkytthio group, NX^ or COXj\ 
is where X 5 , X$ t and X 7 each have the same meanings as defined above; 

X 1 , X 2 , X 3 , and X4 are each a hydrogen atom, a halogen atom, a phenyl group optionally substituted with a halogen 
atom and/or a lower alkyl group, a hydroxyl group, an optionally substituted lower alkyl group, an optionally substi- 
tuted lower alkoxy group, NXgXg or COX 7 ; 

where X 5 . Xe, and X 7 , each have the same meanings as defined above. 

20 

[0039] Stated more specifically, the compound represented by the general formula (7) can also be synthesized by 
subjecting the compound of the general formula (6) to catalytic reduction in a solvent inert to the reaction as exemplified 
by ethanol, methanol, ethyl acetate, acetic acid or 1 ,4-dioxane, preferably in ethanol or methanol, in a hydrogen atmos- 
phere at a temperature between room temperature and the boiling point of the reaction mixture, preferably at room tem- 
25 perature, with palladium-carbon, Raney nickel or platinum oxide used as a catalyst, or by performing reduction using 
nickel (II) chloride or sodium borohydride, so as to reduce the nrtro group. 

[0040] Among the compounds represented by the general formula (1), one which is represented by the general for- 
mula (8) where A is an optionally substituted pyridine ring and one of the substituents present is NR 9 R 10 can also be 
synthesized with a compound of the general formula (7) used as a starting material. 
30 [0041] In the general formulas (7), (8), (15), (16) and (17), 

R1, Rz. R3. R4. Rs. R7. R& R 12. x l x 2' x 3- X4, L, m and n each have the same meanings as defined above; 
R 9 is a hydrogen atom or a lower alkyl group; 
R 10 is a lower alkyl group, an acyl group or a lower alkoxycarbonyl group; 
35 R 13 is a lower alkyl group optionally substituted by a phenyl group; and 
X is a halogen atom. 

[0042] Stated more specifically, the compound represented by the general formula (8) can also be synthesized from 
the compound of the general formula (7) by desirably reacting it with a corresponding compound of the general formula 
40 (1 5), (1 6) or (1 7) in the presence of a base such as triethylamine or potassium carbonate in a solvent inert to the reac- 
tion at a temperature between room temperature and the boiling point of the reaction mixture, preferably at room tem- 
perature. 

[0043] If in the process of synthesizing the compounds represented by the above formulas (1 ), (5). (7), (8) and (1 1 ), 
a protective group is necessary for the primary or secondary amino group, they are first protected either with a suitable 
45 resin or with one of the appropriate protective groups described in Green and Wuts, "PROTECTIVE GROUPS IN 
ORGANIC SYNTHESIS". 2nd Edition, John Wiley & Sons Inc., p. 309, 1991 , and thereafter the respective reactions are 
performed. If necessary, the protected groups may be subjected to a deprotecting reaction. Examples of the amino pro- 
tecting group include a t-butoxycarbonyl group, a trif luoroacetyl group and so forth. 

[0044] The amino protecting reaction such as t-butoxycarbonylation may be performed by reacting the respective 
so compound with di-t-butyl dicarbonate in a solvent inert to the reaction as exemplified by an alcohol such as methanol, 
ethanol or i-propanol or methylene dichloride, dimethyl-formamide or 1,4-dioxane in the presence of an organic base 
such as triethylamine or 4-dimethylamiopyridine at a temperature between 0°C and room temperature. 
[0045] The amino protecting reaction may also be performed with a Wang resin by reacting the respective compound 
with a 4-nitrophenyloxycarbonyl-Wang resin (Tetrahedron Lett. 37, 937-940 (1996)) in a solvent inert to the reaction as 
55 exemplified by methylene chloride, dimethylformamide or 1 ,4<!iaxane in the presence of an organic base such as 4- 
methylmorpholine, triethylamine or 4-dimethylaminopyridine at a temperature between 0°C and room temperature. 
[0046] If the protecting group is a t-butoxycarbonyl group or the Wang resin mentioned above, a reaction for depro- 
tecting the amino group is preferably performed in a solvent inert to the reaction as exemplified by methanol, ethanol, 
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1 ,4<lioxane or methylene chloride or without using any solvent at ail, with the aid of a deprotecting agent such as trrf- 
luoroacetic acid, hydrochloric acid, sulfuric acid or methanesulfbnic acid at a temperature between 0°C and room tem- 
perature, with the use of anhydrous conditions, room temperature and trifluoroacetic acid being particularly preferred. 
[0047] If the compounds of the invention which are represented by the general formula (1 ) have asymmetric carbons 

5 in their structure, the pure forms of their stereoisomers and optically active forms can be obtained by known techniques 
in the art, such as chromatography on optical isomer separating columns and fractional crystallization. 
[0048] Pharmaceutical^ acceptable salts of the compounds of the invention which are represented by the general 
formula (1) may be of any types as long as they are pharmaceutical^ acceptable salts and typical examples include 
salts with inorganic acids such as hydrochloric acid, sulfuric acid, nitric acid, hydrobrobromic acid and hydroiodic add, 

w salts with organic acids such as formic acid, acetic acid, oxalic acid and tartaric acid, salts with alkali metals such as 
sodium and potassium, and salts with alkaline earth metals such as calcium and magnesium. 
[0049] The compounds of the invention or salts thereof may be formulated with suitable excipients, adjuvants, lubri- 
cants, antiseptics, disintegrators, buffering agents, binders, stabilizers, wetting agents, emulsrfiers, coloring agents, fla- 
voring agents, fragrances, etc. to form tablets, granules, subtilized granules, powders, capsules, syrups, elixirs, 

is suspensions, emulsions, injections, etc. fa oral or parenteral administration. When the cerebrovascular diseases to be 
treated are in a hyperacute phase (immediately after the stroke), an acute phase (from the stroke to 2 or 3 days later) 
or in a subacute phase (2 or 3 days up to 2 weeks after the stroke), administration is effected primarily by intramuscular 
or intravenous injection. In addition, oral administration may be performed in a chronic phase (the third week after stroke 
and onward) if the patient admits ingestion. 

20 [0050] The compounds of the invention or salts thereof may be administered in doses that vary with the physical con- 
stitution of the patient, his or her age, physical condition, the severity of the disease, the time of lapse after the onset of 
the disease and other factors; typical daily doses range from 0.5 to 5 mg/body for oral administration and from 1 to 10 
mg/body for parenteral administration. It should generally be noted that even if the same dose is administered, the 
plasma concentration may sometimes vary considerably between patients; hence, an optimal dose of the drug should 

25 ideally be determined for each patient on the basis of a monitored plasma concentration of the drug. 

[0051 ] If the compounds of the invention or salts thereof are to be formulated as preparations for internal application, 
lactose, sucrose, sorbitol, mannitol, starches such as potato starch or can starch, starch derivatives and common addi- 
tives such as cellulose derivatives a gelatin are suitably used as vehicles, with lubricants such as magnesium stearate, 
carbowaxes and polyethylene glycol being optionally added concurrently; the resulting mixtures may be formulated in 

30 the usual manner into granules, tablets, capsules or other forms suitable for internal application. 

[0052] If the compounds of the invention or salts thereof are to be formulated as aqueous preparations, effective 
amounts of the principal ingredients may be dissolved in distilled water for injection, with antioxidants, stabilizers, dis- 
solution aids, buffering agents, preservatives, etc. added as required and, after complete solutions are formed, they are 
filtered, filled into ampules and sealed in the usual manner and sterilized by a suitable medium such as high-pressure 

35 vapor or dry heat so as to prepare injections. 

[0053] If the compounds of the invention or salts thereof are to be formulated as lyophilized preparations, aqueous 
solutions having the principal ingredients dissolved in distilled water for injection may be freeze-dried in the usual man- 
ner; depending on the need, excipients that provide for easy lyophilization, such as sugars (e.g. lactose, maltose and 
sucrose), sugar alcohols (e.g. mannitol and inositol), glycine and the like, may be added before freeze-drying is per- 

40 famed in the usual manner to make the intended preparations. 

Example 

[0054] Lists of the compounds prepared in the Examples of the invention are given in Tables 1 - 37 below. 

45 



50 



55 
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